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Descrliillon 

Field of the Invention 

ipool] The present Invention relates to the constmctton and the method of computation of an Infwmatlon processing 
system for gfeetly improving prooesslng performance by means of parallel prooessore and, mora specifically, to an 
Increase of speed in numerical calculations of differential equations. 

Description of the Badcground Ait 

[poo?] Inlhe solution of differenttal equations which Is the main field of application of the present Invention, the object 
equation is solved wHh the calculus of finlto differences through Interaction of mutually adjacent lattice points in analytic 
time and space which Is discrete In space and time. In the past, those problems have been analyzed by the method 
of either sequential calcuiation by Neumann's computer or parallel calculation on multl-jrooessor computes. 
[OOOq iWoreover, In recent years, large-scale estimation by numerical analysis of heat and fluid Is being made in 
weather forecasting or environmental assessment of atmospheric & ocean pollution, for example, in weather forecast- 
ing, a weather report Is Issued by estimating the movement of atmosphere such as movement of hltfi & low air pres- 
sures, course erf typhoon, etc. based on the air pressure, wind velocity, atmospheric temperature, solar ra<flatlon, etc. 
In environmental mseasment, the way the source of pollution Is diffused by air currens or iidai currents is evaluated 
thrx)ugh estlmaUon ofthecunentvetodtyend the concentration of poDutlng matters. A large number of superoomputere 
are put Into operation for such jobs and a great amount off time Is spent for computatton. In this way, a lot of computer 
resources have been put Into operation and great efforts have so far been made to Improve the computing speed and 
the accuracy of estimation, prevent dISMtere due to winds and rains and to prevent destmction of environments. Meth- 
ods of dealing with this land of problems on muHI-prooessor machines are being tried and, as shown In the collection 
of papers No. 558, vol.59, pp.427-432 (bterature 1)of the Japanese Soclo^ of Mechanic^ 

of papers No. 689, vol. 60, pp. 99-108 Cliterature 2) of the Japanese Society of Mechanical Engineers, use is made of 
the domain decomposition method which constate in dividing a discrete analytic area Into blocl© and assgilng the 
respective split areas to single element processors so as to pertbrm parallel procesaing by means of a multliMocessor 
system which consists of multiple element processors. 

[9004] Fig. 68 Is a general construction drawing of the system for perfbmiing the domain decomposlto process by 
combining element processors by means of a near-neighbor mesh Indicated In literature 1 which is an example of prior 
art in the drawing, 201 Is an element processor acting on a single MSigned subdomain, 202 is a coinedion between 
element processors for data communication between element processors 201 . 203 Is the host computer for integrally 
controlOng the element processors 201 , 204 Is an Interface board for connecting the host computer 203 and the element 
prooessore 201, and 205 is a transputer board on which 4 element processore 201 are moiffited. 
pooS] Moreover, in the example of prior art In literature 2, a parallel general purpose computer AP1000 is used and 
the element processors 201 are connected by means of a similar near-neighbor mesh. 

[0008] in the pareilei computation mdhod utilizing those muitH>ro(»S8or systems for general use. low-speed oom- 
munlcatlon such as packet communication, etc. Is used for tiie communication between prooessore. Moreover, because 
synchronization of prx)cesslng is necessary between processore, there exiate an overhead at the time of data transfer 
between element processore 201 and this limits the efficiency of parallel computation as the number of element proc- 
essors 201 Increases. 

[0007] Rg. 69 Is a drawing showing the efficiency saturation Inparailel oomputationduetothe increase in the number 
of element processors in the case of computational fluid dyrwnics which Is an example of solving partial differential 
equations as Indicated in Dterature 2 and user the finite difference method, in the drawing, abscissa indicates the 
number of element processore 201 , the ordinate indicates the Improvement ratio of operation speed, the mark O Is the 
operation speed Improvement In a case where the MAC (iWierker And Cell) mettiod is used, the mark A is the operation 
speed Improvement in the case of use of the SMAC (SImpiHied MAC) method, the mark □ is the operation speed 
Improvement of a case where the HSMAC (Highly Simplified MAC) method Is used, and the solid line Indicates the 
operation speed improvement proportional to ttie number of element processore 201. In the MAC method, SMAC 
method and HSMAC method, the increase In efficiency of pareilei computations slows as the number of element proo- 
essore 201 Increases due fo the overhead of the data trensfer. 

[0006] Moreover, to look at the possibility of parallel operations in the analysis of partial differential equalfons, It wm 
not sufficient for the conventional numerical analysis using ewstlng hardware to incorporate paraOel operations into 
the analysis of partial differential equattons, because of the emphasis put on the universality of tiie hardware architec- 
ture. 

(00001 In other wDixJs, even by using superoomputere or paraOei computere for general use, it wasdiffkailt to analyro 
large-scale partial differential equations rapidly and yet at ksw coat 
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[001(0 Because the conventional eolvfng system of differential equations was a pnscess as described above, the 
main stream In the solution of partial differential equations has been the domain decomposition method using parallel 
processore for general use such as nCUBE, AP-1000. Transputer, eta For the communication between those multl- 
prooessorsp low-epeed oommunlcation such as padcet communication, etc. is used. As liar as the existing hardware 

s architecture is retained, there Is no choice but attach much linportanoe to parallel and/6r concurrent processing bslween 
prwessore. Namely, while the solution by domain decomposition method was effective to some extent for the pamllel 
processing of coarse grain paiaflei processing In which the operation time represents a larger proportion compared 
with the communicaBon time In the entire time required for computation, it had a problem that the overhead at the time 
of data transfer increases and this causes a drop of efficiency of parallel computation In the line grain paraDel processing 

10 In which the computation time represents a larger proportion compared with the operation time appearing In the andysls 
of dtfferential equations. 

PIO1 1] Moreover, whQe various methods are devised for raising the latency tolerance (countermeasure against the 
problem of waiting for data) by improving aoftwarep a problem was that it waa Impossible to radlGaily charge the com- 
munication system as far as the existing hardware is used and therefore there was no way to sharply decrease the 

IS waiting time for synchronization of communication. 

{00123 Furthemiore, another problem was that the parallel processing on the level of operation in the processor 
depends on the architecture of the hardware and no effective measure can be taken on the software. 
[0013] Further information reiaUng to the prior arlcan be found in MICROPROCESSING & M1CR0PR0GRAMIWING, 
APRIL 1987, NETHERi-ANDS, ISSN 0185-6074, pages 113-118, SIVA RAM MURTHY C ET AL "A multMnlcroproo- 

20 essor archltectuie for solving partial differential equations," which presents an architecture of a feult-tolerant, special- 
purpose muHi-micioprTOessor system for solving partial differential equations. The modular nature of the architecture 
allows the use of hundreds of processing elements (PE*8) for high throughput The microporcessor system consists of 
Identical FEs connected by a two-dimensional bused-networkand two bus control units (BClfs). TTie communlcationa 
are either "polnt-to-poinf or "broadcast." A RE consists of one arithmetic processing unit and a oommunlcation proc^ 

29 essor. Thore is no shared global memory. The PE's comprise program and data memory. 

PI014 The first object of the present Invention is to piuvide an Information processing system capable of improving 
latency tolerance by asynchronously transmitting messages between element processors. 
[001 5] Moreover, the second ol)|ect of the present invention Is to provide an information processing system capable 
of realizing a memory access system suitable to the solution of differential equations by having a memory structure 

90 pixrtected.ageinst any disturbance to the processing Inside the element processors by communication. 

[0010] Furthermore, the third object of the present Invention Is to provide an infomnatton processing system capable 
of f^lly demonstrating the parallel processing on the level of operation Inherent in the method of numerical analysis 
based on thermal hydraulic numerical anal^s and other methods off solution of partial differential equations, by ar- 
ranging computing elements realized by directly turning the wiring logic into hardware In the processors. 

^ [0017] To achieve these and other ot^ects, the present invention provides an information processing system in ac- 
cordance with independent dalm 1 as wel as a corresponding method of computation as defined In independent daim 
30. Preferred embodiments of the invention are detailed In the dependent claims. 

[001 q The aim and advantages of the various features of the invention are discussed herelnbelow with r^renoe 
to various aspects of the invention. 
40 [0019] Rrst and second aspects of the invention are defined by dalms 1 and 6, respectively. T\venty seventh and 
twenty eighth aspects of the Invention are defined In dalms 30 and 34, respectively. 

[0020] According to the third asped of the present invention. In the information processing system of the second 
asped, a plural number of two^imensional planes, in v»rtiich the element processors performing the processing of the 
lattice points obtained by spatially dividing a two-dimensional field are two-dimensionaily arranged, are arranged along 
45 the time base to be constmded three-dimensionallyp when a two-dimenstonal analyticai solution is tooked for, and the 
element processors are constnxrted In p^line In the direction of time base. 

[0021] According to Ihefburth asped of the present Invention, the information processing system of the first or second 
asped further comprises transmission means for transmitting initial conditions and boundary conditions to the element 
processore. 

BO [0022] According to the fifth asped of the present invention, in the Infomnation processing system of the first or 
second asped, date communications between the a<8aoent element processore ere performed Individually for each of 
the element processors, asynchronously and repeatedly. 

[0023] According to the sixth asped of the present Invention, In the infomnation processing system of the first or 
second aspect, data commurdcatlons between the adjacent element processors are message communications and 
S5 performed with multiple instmctlon stream and multiple data stream. 

[0024] According to the seventh asped of the present invention. In the Information processing system of the first or 
second aspect, the element processore can directly refer, respectively, to the data memory of the nflacent efement 
processore. 
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[0025] Acoording to the eighth a&ped of the present invention, in the information pn^ceseing system of the seventh 
aspect, the element processors can directly refer to and renew, rsspectiveiy, the data memory off the adjacent etement 
processors. 

[Q02fl] According to the ninth aspect of the present invention, In the information processing system of the first or 
second aspect, the data memories Include, on the routes connecting the adjacent element processors, first memories 
^ared by the adjacent element processors and can directly refer to and renew the content stored In the first menx)ries 
from a plursi number of the element processors connected to the first memories. 

[0027] According to the tenth aspect of the present Invention, in the Information processing system of the seventh 
aspect, the data memories include multiport memories. 

[0028] Acoording to the eleventh aspect of the present invention, the infonnation processing system of the first or 
second aspect further comprises buffer means for temporarily buffering access demand to the data memories. 
[0020] Acoording to the tweiflh aspect of the present invention, in the Information processing system of the first or 
second aspect, the element processors respectively have buffer memories to which data sent from the adjacent element 
processors are written as data with object name in communications between the adfacent element processors, and 
the element processors complete reception of data from the adjacent element processors by searching data with obiiect 
name at optlonai timing from the buffer memories. 

[Q03Cq According to the thirteenth aspect of the present invention, In the information processing system of the first 
or second aspect, the element processors respectively have matching memories for waiUr^ for the data necessary for 
at least one of the computing operations, and the processing unit in each of the element processors performs at least 
one prescribed operation among the computing operations at the point In time sequence when the necessary data are 
available In the matching memory in the same. 

[0031] According to the fourteenth aspect of the present invention, in the Infbmiation processing system of the first 
or second aspect, Itie element processors respectively have program memories available fbr rewriting the program 
stipulating the operations of the procesdng . units. 

[0032] Acoording to the fifteenth aspect of the present InvOTtion. in the infbmiation processing system of the first or 
second aspect, each of the processing units works based on a data flow system which enables simultaneous execution 
of a plural number of the program assigned to different areas of each of the program memories, and each of the 
processing units executes the computing operations of a plural number of the lattice points simultaneously by assigning 
a plural number of programs for processing the respective lattice points to dlffiensnt areas of each of the program 
memories. 

pi033] According to the sbdeenth aspect of the present invention, in the frilbrmation processing system of the fifteenth 
aspect, the data flow system includes a dynamic data driven system capable of simultaneously executing one same 
program on input data of a plural number of sets with the use of Identifiers. 

[0034] Acoording to the seventeenth aspect of the present invention, in the Information processing system of the first 
or second aspect, the processing urrits respectively have hardware circuits In which arfthmetic-iogic elements are wired 
in the shape based on a data flow graph according to the wired-logic for part or whole of the data pnocessing flow 
[0035] Acoording to the elghteenfii aspect of the present invention, In the Infomtatlon processing system of the first 
or second aspect, the processing units respectlveiy have hardware dmiits acoording to one same wired-i<^ic the 
hardware circuits load In advance the data memories of the element processors with Internal point bits indicating that 
the lattice points are poslfioned Inside a computing area in the field or outside the object in the computing area with 
respect to ail of the iattioe points, with the external point bits indicating that the lattice points are positioned outside the 
computing area or inside an object in the computing area and with boundary condition bits Indicating infonnation of 
boundary conditions with resped to the lattice points positioned on the boundary of the computing area and the hard- 
ware circuits change the processing of the data flow graph according to the intemal point bits, the external point bits 
and the boundary condition bits. 

[0030] Acoording to the nineteenth aspect of the present invention, In the Infonnation processing system of the sev- 
enteenth aspect, the processing units further respectively have arithmetic devices for directly executing operation codes 
for cumulatively adding the respective results of multiplication of first Input by second input, third input by fourth input, 
fifth Input by sbdh input, .... (2 x N • 1}-th input by (2 x N)-th input to 2N pieces of input data. 
[0037] According to the twentieth aspect of the present Invention, the Information processing aystem of the first or 
second aspect, further comprises fine node coupGngs connecting the adjacent element prooes»>rs to each other and 
coarse node couplings connecting the element processors to each other by sldpping no less than one the element 
processors between them. 

[0036] According to the twenty-first aspect of the present Invention, in the infonnation processing system of the first 
or second aspect, the element processors respectively have output units for asynchronously reading output data, 
furnishing that output data with Identifiers necessary for arranging and sorfing of data and sending data to outside the 
eiement processors. 

[0039] According to the twenty-second aspect of the present invention, the information processing system of the 
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twenty-first aspect, further comprises output data image processfrig unit for GoOecUng output data from the output unite 
of the element processors and generating vfeit>le images of the output data In reel time t)ased on the output data arriving 
asynchronously from all of the element processors. 

[0040] According to the twenty-third aspect of the present Invention, the InfbrmalJon processing system of the first 

0 or second aspect, ftjrther comprises coordinate conversion unit for converting an first coordinate system used by a 
host computer oonlroliing the element processors to a second coordinate system used by the element processors 
when data are transferred from the host computer to the element processors, and converting the second coordinate 
system used by the element processors to the first coordinate system used by the host computer wtien data are trans- 
ferred from the element processors to the host computer. 

10 IfiQAfi AccorxJIng to the twenty-fourth aspect of the present invention, In the Information prooesslrig system of the 
first or second aspect, tie plural number of element processors integrally controlled by a host computer rsspedively 
comprise first convergence Judging units, provided in each of the element processors and independently of the process- 
ing units, fbr Judging convergence without dlsturbir^ the computation of the processing units, and the Information 
processing systemfurther comprising: first communication routesfbr dividing aplural number of the element processors 

15 into a plural number of groups and oonnedfrig the first convergence Judging unite of the respective element processors 
In the fonn of a unidirectional closed loop or in a centralized fonn in the respective groups; second convergence Judging 
unite, connected to the first communication routes respectively, for Integrating the resulte of Judgment of convergence 
of all the first convergence Judging unite In the groups; and second communication routes for connecting all of the 
second convergence Judging unite of the groups In the form of a unldirecttonal closed loop or In a centralized fomn. 

20 10042] According to the twenty-flffth aspect of the present invention, the Information processing system of the first or 
second aspect, further comprises: at least one route for transferring messages of a plurality of the element processors; 
fiiat conveigence Judging means forjudging convergences on the element processors or no less than one processing 
means ass^ned to each of the element processors; first message sending meansfbr sending a first message Indicating 
the convergence on a prescribed element processor or the processing means of the prescribed element processor 

25 whenthefirstconverigencejudgingmeansjudgestheoonvergenceontheprescribed element processor orthe process- 
ing means erf the same; second mess^e semfing means fbr sending a second message indicating the convergence 
on ttie element processor or the processing means receiving the first or second message from the adjacent etement 
processor orthe adjacent element processor after the ^ment processor or the processing means receiving the first 
or second message; and second convergence Judging means forjudging the convergence of all the element processors 

30 by transfening the second message one after another through the at least one route by the second sending means. 
[0043] According to the twentynslxth aspect of the present Invention, in the Information processing system of the 
twenty^fifth aspect, the at least one route includes a plurality of different routes connecting the processing means, and 
the second convergence Judging means confirms the convergence of all the element processors in multiplex ways by 
the messages transfsned one after anottier through the piuraOty of different routes. 

05 [0044] The present invention is also directed a method of computation perfonned by using an Information processing 
system. 

[0045] According to the twenty-ninth i»pect of the present Invention, in the method of the twenty-eighth aspect a 
plural number oF two-dimensional planes. In which the element processors peffbmiing the processing of the lattice 
polnte obtained by spatially dividing a two-dimensional field are two-dimensionally arranged, are arranged along the 
40 time base to be constmcted three-dlmenslonally, when a two-dimensional analytical solution Is looked fbr, and the 
element processors are constmcted In pipeline in the direction of time base. 

19046] According to the thirtieth aspect of the present invention, in the method of the twenty-seventh or twenty-eighth 
aspect, the at least one prescribed equation Includes at least one differential equation, and the at least one prescribed 
equation obtains the solution to the at least one differential equation by operating the element processors asynchro- 
45 nously and independently by finite difference method. 

|Q047] According to the thirty-first aspect of the present Invention, in the method of the thirtieth aspect, the at least 
one prescribed difierentiai equation includes at least one partial dHferential equafion or at least one ordinary difierential 
equation. 

[0048] According to the thirty-second aspect of the present invention, In the method of the twenty-seventh or twenty- 
50 eighth aspect, the element processors take charge of computetion of a plural number of lattice polnte obtained by 
spaUaily dividing the field respectively, and the number comasponding to the lattice polnte or the base address of the 
data area corresponding to the latttee polnte on the date memories are used as input tokens to control the computetion 
performed tiy the element processors. 

[0049] According to the thirty-third aspect of the present Invention, In the method of the twenty-sev^th or twenty- 
55 eighth aspect, the inibrmation processing system perlbrms the computation by using transmteslon means for trans- 
mitting initial conditions and boundary condKkins to the element processore. 

[OOSQ] According to the thMy^fburth aspect of the present invention, in the method of the twenty-seventh or twsnty- 
elghth aspect, date communicatkm between the adjacent element processors are perfonned individually fbr each of 
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the element processors, esyndironously and repeatedly. 

PI051] According to the thlrty^fth aspect of the present invention, \r\ the method of the twenty-seventh or twenty- 
eighth aspect, data communications between the adjacent element processors are message oommunicalions and 
performed with multiple Instruction stream and multlpie data stream. 

9 According to the thirty-elxth aspect of the present invention, in the m^od of the twenty-seventh or twenty^ 
eighth aspect, the element processors directly r^r, respedhmly, to the data memories of the adjacent element proc- 
essors. 

pi053] According to the thirty-seventh aspect of the present invention, In the method of the thirty-sixth aspect, the 
element processors directly refer to and renew; respecdvelyp the data memories of the adjacent element processors. 

10 [0054] According to the thirty-eighth aspect of the present Invention, in the method of the twenty-seventh or twenty- 
eighth aspect, the data memories Include, on the routes connecting the adjacent element processors, first memories 
shared the adjacent element prwessors and directly refer to and renew the content stored In the first memories 
ftom a plural numt)er of the element procesaors connected to the first memories. 

[0055] According to the thirty-nlnlh aspect of the present Invention, in the method of the thiity-sbcth aspect, the data 
IB memories include midtiport memories. 

1^056] According to the fortieth aspect of the present invention, in the method of the tw^ty-seventh or bA^enty^lghth 
aspect, the infbrmallon processing system perfbmns the computation K>y using buffer means for temporarily buffering 
access demand to the data memories. 

[0057] According to the forty-first aspect of the present Invention, In the method off the twenty-seventh or twenty^ 
20 eighth aspect, the element processors respectively comprise buffer memories to which deta sent from the adjacent 
element processors are written as data with object name In communications between the adjacent element processors, 
and the element processors complete reception of data from the acQacent element processors by searching data with 
object name at optional tlrr4ng from the buflfer memories. 

[0058] According to the forty-second aspect of the present Invention, fri the method of the twenty-seventh or twenty- 
25 eighth aspect, the element processors respecthrely comprise matching memories for waiting for the data necessary 
Ibrat least one off the computing operations, and the processing unit in each of the element processors perfbmns at 
least one prescribed operation among the computing operations at the point in time when the necessary data are 
available In the matching memory In the same. 

[0059] According to the fbrty-^hlrd aspect of the present Invention, In the method of the twenty-seventh or twenty- 
30 eighth aspect, the element processors respectively comprise program memories available for rewriting the program 
stipulaflng the computing operations of the processing units. 

IpOfKq According to the fbrty-lburth aspect of the present Invention, in the method of the twenty-seventh or twenty- 
eighth aspect, the processing units peifbnn the computing operations by using one same computation program, the 
computation program loads In advance the data memori^ of the elemwt processors with internal point bits in<ficatlng 

30 that the lattice points are positioned inside a computing area In the field or outside the object in the computing area 
with respect to all of the lattice points, with the external point bits indicating that the lattice points are positioned outside 
the computing area or Inside an object In the computing area and with boundary condition bits Indicating Infbnnation 
of boundary conditions with respect to the lattice points positioned on the boundary of the computing area, and the 
computation program changes the processing on the element processors according to the Internal point bits, the ex- 

40 temal point bits and the boundary condition bits. 

[0001] According to the fbrty^lfih aspect of the present invention, in the method of the twenty-seventh or twenty^ 
eighth aspect, each of the processing units worics based on a data flow system which enables simultaneous execution 
of a plural number of the program assigned to different areas of each of the program memories, and each of the 
processing units executes the computing operations of a plural number of the lattice points simultaneously ti)f assigning 

46 a plural number of programs for processing the respective latdce points to different areas of the program memories. 
[0062] According to the forty«lxth rapect of the present Invention, In the method off the forty-4!fth aspect, the data 
flow system Includes a dynamic data driven system capable of simultaneously executing one same program on input 
data of a plural number of sets with the use of identifiers. 

[0003] According to the forty-aeventh aspect of ti% present invention, in the method of the Ibrth-sixth aspect, the 
ao prooesslrq units calculate the address of the data memories which store data regarding the adjacent element proces- 
sors and make reference to and renewal of the data memories by using the address of the data memories, based on 
the value of the Identifiers assigned to the input data. 

[0064] According to the forty-eighth aspect of the present invention, in the method of the twenty-seventh or twenty- 
eighth aspect, the processing units respectively have hardware circuits in which arithmetic-logic el^nents are wired 
S5 In the shape based on a data flow graph according to the wlred-loglc for part or whole of the data processing flow 
[0005] According to the fbrty^Inth aspect of the present invention. In the mdhod off the twenty«venth or twenty^ 
eighth aspect, the processing units respectively have tardware circuits acconfing to one same wlred-iogic, the hard- 
ware circuits load in advance the data memories of the element processors with Internal point bits Indicating that the 
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lattico points ere positioned fnside b computing area In the field or outside the object In the computing area with respect 
to all of the tatttce points, with the external point bits Indicating that the lattloe points ane posflloned outside the oomputin g 
area or Inside an object In the computing area, and with boundary condition bits Indicating Information of boundary 
conditions with respect to the lattloe points positioned on the boundary of the computing area, and the hardware circuits 
s change the processing of the data flow graph according to the Internal point bits, the external point bits and the boundary 
condition bits. 

[00$6] According to the fifties aspect of the present invention, in the method of the fbrth-eighth aspect, the processing 
units respectively have arithmetic devices for directly executing operation codes for cumulatively adding the respective 
results of multiplication of ffrsl input by second input, third input by fourth input, fifth Input by sixth input, (2 >c N - 

10 1}-th input by (2 x N}-th input to 2N pieces of input data. 

[0097] According to the fifty-first aspect of the present invention. In the method of the forty-eighth aspect, the Infor- 
mation processing system levels the number of times of communications at all of the lattloe points by performing dummy 
communications even for the lattice points with smaO number of times of communications for solving the at least one 
governing equation of the field because the lattice points fomnlng the sut)|ect of computation are found on the border 

IS of areas. 

[0068] According to the fifty-second aspect of the present invention, in the method of the twenty-seventh or twenty- 
eighth aspect, the information processing system levels the number of times of operations at ail of the lattice points by 
performing dummy operations even for the lattice points with smafl number of times of operations for solving the at 
least one governing equation dt the field because the lattice points forming the subject of computation are found on 
20 the border of areas. 

[0009] According to the flfly-4hird aspect of the present invention, in the method of the twenty-seventh or twsnty- 
elghth aspect, the information processing system which performs processing of each of the lattice points for finding 
solution to at least one differential equation by finite difference method and performs comrrunications tietween the 
respective lattice pobits, information indicating the necessity or not of communication and the method of oommunlcafion 

26 for each of the lattice points. 

[0070] According to the fifty-fourth aspect of the present invention, In the method of the twenty-sevenih or twenty- 
eighth aspect, the Information processing system which perbmns processing of each of the lattice poinlB for finding 
solution to at least one differerrtiai equation by finite dtfTerence metiiod assigns a memory area to each of the lattice 
points, performs communications between Information of a^acent lattice points by the memory area and provides each 

30 of the lattice points wHh information for Indicating the memoiy area to be used for oommunicatlon In each direction 
where coirvnunication should be made. . 

[0071] According to the fifty-fifth aspect of the present invention, in the method of the fifty-lburth aspect, the infor- 
mation processing system provides each of the lattice points wHh information Indicating a common dummy area in the 
direction where communication Is impossible. 

36 [0072] According to the fifly-sbdh aspect of the present invention, In flie method of the twenty-seventh or twenty- 
eighth aspect, when the adjacent lattice points are assigned over different the element processors, tire element proc- 
essors on both sides hold two pairs of data in time for intercommunication and, when tiie data for those lattice points 
has been renewed, the processors do not rewrite the dato if any displacement of the renewed dato Is no larger than 
the prescribed value In comparison with the data of the chronologically previous pair. 

40 [0073] According to the flfty-seventii aspect of the present Invention, in the method of the fifly4Durth aspect, the 
information processing system assigns, to the data memory, virtual data area simulating lattice points which are closest 
to the bonder of the compulation area forming the subject of the calculation of the at least one prescribed equation end 
found outside the computation area. 

[0074] According to the fifty-eighth aspect of the present invention, in tiie nnethod of the twenty-seventh or twenty- 
45 eighth aspect, the Information processing system comprises fine node coupling connecting mutually adjacent the el- 
ement processors to each other and coarse node coupling oonneclihg the element processors to each other by sidpping 
no less than one the element processors between them. 

[007^ According to the fifty-ninth aspect of the present invention, in the method of the fifly-elghlh aspect, the infor- 
mation processing system advances computation of the at least one prescribed equation by alternately perfomnfrig 
00 computation liy the element processora connected by the coarse node coi^Dng and computation by the element proc- 
essors connected by the fine node coupling. 

[007q According to the sixtieth aspect of the present invention, in the method of the twenty-seventti or twenty-eighth 
aspect, the Infomnafion processing system performs calcuiatton of the at least one governing equation of the field using 
only part of ttie lattice points selected, In parallel with the calculation of the at least one governing equation of the field 
05 using ail of the lattice pointe. 

[0077] According to the sixty-first aspect of the present invention, in the metiiod of the twenty-seventh or twenty- 
eighth aspect, the algorithm of the calculation of the at least one governing equation of the field using only selected 
ones of the lattice pointe te difllsrent firom tiie algorithm used fbr the calculation of the at least one prescribed governing 
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equation of the field using aO of the latiioe points. 

PIOTB] According to the sbcty-seoond aspect of the present invention, In the method of the sixtHbst aspect, the 
Information processing system has no less than two pairs of data regarding mutuaiiy acQaoent the iattioe points In time 
sequence and stops the operation of the lattice points If the amount of fluctuation between the pairs of data Is no larger 
9 than the prescr1t)ed amount. 

[007q According to the slxty^third aspect of the present invention, in the method of the sixty-seoond aspect, the 
value of the prescribed amount for omitting the operation of the lattice points depending on the value of fluduatlon 
between the pairs of data is reduced according to the grade of convergence. 

[0080] According to the sixty-fourth aspect of the present invention, In the method of the twenty-seventh or twenty- 
mo eighth aspect, the element processors respectively have output units for asynchronously reading output data, furnishing 
that output data with Identifiers neoessaiy for arranging and sorting of data and sending data to outside the element 
processors. 

pool] According to Ihe sbcty-flfth aspect of the present invention, In the method of the sixty-fourth aspect, the Infor- 
mation processing system comprises output data Image processing unit for collecting output data from the output units 
15 of the element processors and generating visible Images of the output data in real time based on the output data arriving 
asynchronously from ail the element processors. 

(00823 According to the sixty-sixth aspect of the present Invention, In the nmthod of the twenty-seventh or twenty- 
eighth aspect, the Information processing system comprises coordinate conversion unit for convertlr^ an first coordi- 
nate system used by a host computer controlling the element processors to a second coordinate sya^ used by the 
20 element processors when data are transforred from the host computer to the element processors, and converting the 
second coordirwte system used by the element processors to the first coordinate system used by the host computer 
when data are transftened ffom the element processors to the host computer. 

lOOSq According to the sixty-sevenlh aspect of the present Invention, in the method of the twenty-seventh or twenty- 
eighth aspect, the plural number of element processors are a plural number of element processors Integrally controlled 

25 by a host computer, the plural number of element processors comprise convergence Judging wilts, provided In each 
of the dement processors and Independently of the processing units respectively, for Judging convergence without 
disturbing the computation of the processing unit, and the infonnatlon processing system comprises first commurticatlon 
routes Ibr dividing a plural number of the element processors Into a plural number of groups and connecting the con- 
vergence Judging units of the respective element processorsln thefonn of a unldlredionai closed loop or In a centralized 

30 fomi in the respective groups, and second communication routes connected to each of the first oommunicaUon routes 
of the groups, and connecting all erf the convergence judging units Integrating the results of Judgement of convergence 
of aD the convergence judging units in the groups and all of the convergence Judging units of the groups in the form of 
a unidirectional closed loop or In a centralized form. 

[0084] According to the sixty-eighth aspect of the present invention. In the method of the twenty-Mventh or twenty- 
36 eighth aspect, the Information processing system comprises at least one route Ibr transferring messages of a plurality 
of the element processors. The method of computation further comprises steps of (a)judging convergences on each 
of the element processora or no less than one processing means assigned to each of the element processors; (b) 
sending a fivst message Indicating a prescribed element processor or a processing means of the prescribed element, 
when the Information processing system Judges the convergence on the prescribed element processor or the process- 
40 ing means of the prescribed element; (c)sencfing a second message indicating the convergence on the element proc- 
essor or the processing means receiving the first or second message from the adjacent element processor or the 
adjacent element processor aflerthe element processor or the processing means receiving thefirat or second message; 
and (dliudgfng the convergence of ail the element processora by transferring the second message one after another 
by repeating the step (c). 

45 [0085] According to the sixty-ninth aspect of the present invention, in the method of the sixty-eighth aspect, the 
Infonnatlon processing system repeats the step (a) to step (d) Ibr a plurality of conflnnatlons of the convergence of ail 
the element processora. 

[OOOq According to the seventieth aspect of the present Invention, In the mdhod of the sixty-ninth aspect, the infor- 
mation processing system comprises second convergence Judging means, the at least one route Includes a plurality 
50 of different routes connecting the processing means, and the second convergence Judging means confirms the con- 
vergence of all the element processora In multiplex ways by the messages trensfiBrred one after another through the 
pluraDty of different routes. 

IPOOT] According to the seventy-first aspect of the present Invention, In the method of the seventi^ aspect, the 
Information processing system forms Judgement of convergence again by slopping the processing of all the element 
55 processora or the processing means, after the completion of general convergence has been Judged by the processes 
which Judge the general oonv^genoe. 

[OOOq According to the seventy-second aspect of the present invention, the method of computation perfbnned by 
using an infomnation processing system having a plural number of element processora further comprises steps of: 
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Initializing the storing means for storing the results of Judgement of convergence; and Judging convergence or not of 
the computation for the lattice points for the respective lattice points talcen charge by the element prooessore and. if It 
is Judged that convergence has not yet been reached, sets the storing means to the prescribed logical value. 
[0089] According to the seventy-third aspect of the present Invention, In the Inlbrmatlon processing system of the 
first or second aspect, the plural number of element processors share the data memory between the adjacent element 
processors, and each of the plural number of element processors comprises Input/output control unit commonly con- 
nected to a plural number of data memories shared with the adjacent element processors for controlling input/output 
of data with one of the plural number of data memories by switching the (firection of communication according to 
demand for access. 

[009CQ According to the seventy-third aspect of the present inventton, the Information processing system of the first 
or second aspect, further comprises a plural number of registers provided in corrsspondence to the plural nurT4>er of 
element processors tor temporarily storing the results of judgement of a convergence of an operation executed by 
each of the plural number of element processors; and a wired OR drcult for generating logical product of the output 
of a plural number of the registers. 

[0091] According to the seventy^fifth aspect of the present invention, in the method of the twenty-seventh or twenty- 
eighth aspect, a plural number of the element processors share the data memory between the adjacent element proc- 
essors, each of the plural number of element processors comprises input/output control unit commonly connected to 
a plural number of data memories shared with the adjacent element processors for controlling input/butput of data with 
one of the plural number of data memories by switching the direction of communication according to demand for access, 
and each of the plural nurT4)er of element processors refers to the content of the data memory through the Input^output 
control unit 

[0092] According to the seventy-sixth aspect of the present invention, in the method of the twenty-seventh or twenty- 
eighth aspect, the infomraUon processing system temporarily stores, in the plural number of regislerB provided In cor- 
respondence to the plural number of element processors, the results of judgement of a convergence of the correspond- 
ing element processors, and executes operations while taking the logical product of the results of judgement of the 
convergence stored In a plural number of the registers with the wired OR circuit 

pi093] According to the seventy-seventh aspect of the present Invention, in the method of the twenty-eeventh or 
twenty-eighth aspect, the number of lattice points per one element processor Including unstable lattice points for nu- 
merical analysis In which unstable factors exist is smaller than the number of lattice fxMs per one element processor 
not including any unstable lattice points tor numerical analysis. . 

pi094| By making data oommurricalions between adjacent element processors by means of the data buses of the 
first aspect or the twenty-seventh aspect and performing computation with that data by operating the element proces- 
sors asynchronously and Independently, it becomes possible to shorten the communication time between the etement 
processors. 

[0095] As described above, according to the informalton processing system of the first aspect or the method of 
computation peribrmed by using an Information processing ^em of the twenty^aeventh aspect, coirqMJtatlon Is per- 
formed. In an information processing system for performing computation by assigning a plural number of lattice points 
obtained by spatially dividing a field to element processors, by having a piurei number of (tate buses for havhg mutual 
communications of date between adjacent element processors and by using date transmitted by date buses and by 
operating the element processors asynchronously and Independently, and this has an effect of making It possible to 
shorten the communtoation time between the element processors and thus Increm the processing speed of the in- 
formation processing system. 

[0096] By making date communications between adjacent element processors by means of the data buses of the 
second aspect or the twenty-eighth aspect and performing computation with that data by operating the elemerrt proc^ 
essora asynchronously and Independently, it becomes possibte to shorten the communication time between the ele- 
ment processors. 

[009^ According to the information processing system of the second aspect or the method of computation peribnned 
by using an Information processing system of the twenty-eighth aspect computation is performed. In an information 
processing system fbr perfonntng computation by providing a plural number of lattice points in a way to spatially divide 
a field and correspond to a plural number of time steps, by further having a plural number of date buses for having 
mutual communteatlons of date between adjacent element prooessora and by using date transmitted by date buses 
and by operating the element processors asynchronously and Independentiy, and this has an effect of making It posslt>ie 
to shorten the communication time between the element processora and thus Increase the processing speed of the 
information prooessing system. 

[009q The two-dimensional planes of the third aspect or the twenty-ninth aspect, In which element processora per- 
fonning the processing of lattice points obtelned by spatially dividing a two-dimensional field aro two-dlmensionally 
arranged, can shorten the commurdcation time between the element processors and can shorten the computation time 
by performing computation on a plural number of times in parallel and desiring the etement processors In pipeline 
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along the direction of time base. 

[0O9q According to the Information processing system of the third aspect or the method of computation perlbmied 
by using an Information processing system of the twenty-ninth aspect, two-dimensional planes are arranged along the 
time base to be constructed three-dlmenslonany and the dimension In the direction of time base la constructed in 
pipeline, and this has an effect of malcing it possible to shorten the communication time between the element processors 
and thus increase the processing speed of the inlbnnation processing system. 

[0100] in the case where the prescribed equation in the thirtieth aspect Is a diffsrentlal equation and that the solution 
to the difTerentlai equation is obtained by using finite difference m^od, it Is possible to obtain analytical solution of 
high accuracy because the Influence of the lattice points adjacent to the lattice points forming the subject of the com- 
putatbn is very small. 

PIIIH] According to the method of computation performed by using an infbmiation processing system of the thirtieth 
aspect, solution to at least one differential equation is obtained by operating element processors asynchronously and 
independently by difference calculus, and this has an effect of malcing it possible to shorten the processing time of the 
inlbrmaUon processing system without sacrificing the accuracy of analysis. 

[0102] in the partial diffisrentiai equation or ordinary differential equation of the thirty-first aspect, analytical solution 
of high accuracy can be obtained because the influence of the lattice points adjacent to the lattice points forming the 
subject of the computation Is negligible when the solution to the differential equation Is obtained by using finite difference 
method. 

[0103] According to the method of computation perlbrmed by using an infbmnatlon processing system of the thirty- 
first aspect, solution to at least one partial differential eqiffltion or at least one ordinary differential equation is obtained 
by operating dement processors asynchronously and Independently by difference calculus, and this has an effisct of 
making it possible to shorten the processing time of the infomnatlon processing system without sacrfflcing the accmcy 
of analysis. 

(01 04] The etement processors in the thirty-second aspect taice charge of computation of a plural numlw of lattice 
points obtained by spatially dividing the field respectively For that reason, even mutual adjacent lattice points include 
some which extend over two element processors and some which do not By controlling the operation of the etement 
processors by using either the number corresponding to the lattice pobits or the base address of the date area corre- 
sponding to the lattice points as input toicens to transfer date between adjacent lattice points existing in different eientent 
processors, it becomes to perform data transfier between the element processors by dIrecUy having access to the data 
memory on the adSacent element processors, ellminato date transfer overtiead between lattices and perform hi|^- 
speed analysis by asynchronous control. 

[01 OS] According to the method of computation performed by using an infomnatlon processing system of the thirty^ 
second aspect, the operation of the element processors is controDed by using, as input tol<ens, either the number 
corresponding to the lattice points or the base address of the data area corresponding to the lattice points on the date 
memory, and this has an effect of malcing it possible to directly have access to the date memory on the adjacent element 
processor and perfomn hi^i-speed analysis by asynchronous control by eliminating date transfer overtiead between 
lattices. 

[0106] ThetranOTlsslon meansaccondingtothefourthaspectorthethlrty-tMrd aspect, if Initial conditions and bound- 
ary conditions of mnputetion to element processors aro input for the host computer, resets the data memory on ail 
element processors, assigns the initial conditions and boundary conditions of computation to element processors to 
the respective element processors through the networlc and the connection between element processors. And the 
respective element processors get into the standby state for sterting computation. 

[0107] The information processing system of the fourth aspect or the method of computation perfomied by using an 
information processing system of the thirty-third aspect, which have transmission means for transmitting initlal condi- 
tions and boundary oondlttons to the processing unit, produce an eflbcl of making It possible to realize computation of 
various Initial condlttons and boundary conditions with a simpte procedure of Inputting condittons In the host computer, 
by using one same construction of element processors. 

[01 0^] By perfomiing data communications between date processing units of the adjacent element processors in 
the fifth aspect or tiie tiilrty-fourth aspect Indlvldually for each processing unit, asynchronously and repeatedly, It be- 
comes possible to have access to the date memory and continue the processing on the respective element processors 
utterly asynchronously without disturbing the processing in the adjacent element processors. Namely, communication 
can be estebiished between acQacent element processors without disturbing the computation In the adjacent element 
processors. 

[0109] According to the Infomnation processing system of the fifth aspect or the nriethod of computation perfonned 
by using an Information processing system of the thirty-lourth aspect, date communications between acQacent element 
processors are performed individually for each processing unit, asynchronously and repeatedly, maldng it possible to 
continue the processing quite asynchronously by having access to the data memory without disturbing the processing 
of the adjacent element processor and make communtoation without disturbing the operation of the adjacent element 
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processor, and this has an elfiact off Incraasing Ihe spaed of operation. 

101 10] By performing the communication between adjacent element processors In the sixth aspect or the thir^-fifth 
aspect by message communication and with multiple Instruction stream and multipie data stream, It becomes possible 
to Improve the efficiency of parallel processing. 

[01 1 i] According to the Information processing system of the sixth aspect or the method of confutation perlbnned 
by using an information processing system of the thirly^flh aspect, communications between adjacent element proo- 
essors ere message communications and performed wHh muHlpiax command flow and mUitipte data flow, and this 
has an effect of Increasing the processing speed of the Infomnatlon processing system by Improving the efficiency of 
parallel processing. 

[0112] In the element processors of the seventh aspect or the thirty-sixth aspect, the access to the data memory 
from eddacent element processors can be limited to the reference action only by directly refsnlng, respectively, to the 
data memory of the adjacent element processors, and this can be done easily by each processing unit asynchronously 
and repeatedly, in the data communication between processing units of adjacent eientent processora. 
[01 13] According to the Infonnation prccessing system of the seventh aspect orthe method of computation perfbnned 
by using en Information processing system of the thirty-sbdh aspect, the element processors directly refier, respectively, 
to the deta memory of adjacent element processors and data ocmimunlcations t)etwe8n adjacent element processors 
can be perlbnned ea^ without collision of requests for renewal to one same memory address for each processing 
unit, asynchronously and repeatedly, and this has an effect of Increasing the speed of processing of ttie Infbmiation 
prooesalrtg system by simplifying the arbitration of data buses for memory access. 

(01 14] The element processors of the eighth aspect or th^ thirty-seventh espect can directly refier to and renew the 
data memory of adjacent element processors, and this makes It possible to sharply Improve the efficiency of compu- 
tation and complete the desired operations in a short time by anowing different element processors to directly have 
access to the data memory of others mutually, regarding the data of the adjaoent lattices points the processing of which 
Is to be taken charge by the respective element processors. 

[01 15] According to the Informatkxi processing system of the eighth aspect orthe method of computation perfbmied 
by using an infomnatlon processing system of the thirty-seventh ^ect, the element processors directly refier to and 
renew, respectively, the data memory of the adjacent element processors, and this has an effect of reducing overt)ead 
for data communications between acJjaoent element processors and Improving the computation efficiency. 
101 1 6] A plural number of element processors connected to the memory of the ninth aspect or the thlriy-«ighth aspect 
can refer to and renew the content of memory stored In the memory, and this memory Is shared by the adjacent element 
processors on the route connecting adjacent element processors. This makes It possible for improve the efficiency of 
computation by directly rsferrlng to and renewing the data of adjacent lattice points in the memory through I/O control 
unit, for example. 

[01 17] According to the Infomiatton processing system of the ninth aspect or the method of computation perlbnned 
by using a n informatton processing system of the thirty-eighth aspect, a memory shared by adjacent element processors 
is provided on the route connecting the acyacent element processors and the content of memory stored in the memory 
can be directly referred to and renewed ftom a plural number of element processors connected to the memory, and 
this has an effect of Increasing the speed of processing of the Infbmiation processing system by sharply Improving the 
computation efficlenc;y and shortening the computation time. 

[0118] Since the data menrxMy In the tenth aspector the thirty-ninth aspect Isa multiport memory, it becomes possible 
to timuitaneousiy process memory reference commands given to the multiport memory tiy the element processor 
conoemed and the adjacent element prooessore. 

[0119] According to the Information processing system ofthe tenth aspect orthe method of computation perfbmiad 
by i»ing an Infbrmatlon processfrig system ofthe thirty-ninth aspect, the data ntemory is a multiport memory, and this 
has an effect of easily realizing high-speed operation ofthe infonnation processing system by eliminating stagnatton 
of processing, sharply contributing to the shortening of computatton time In processings involving collision of references 
to one same memory address and enat>ling simultaneous processing of requests for reference to memory made to the 
multlporl memory by the element processor concerned and the adjacent element processor. 
[01 20] Since buffer means In the eleventh aspect or the fortieth aspect temporarily buffere access commands to the 
data memories, there is no risk of inten-uptton ofthe processing even In case of collision of renewal commands to one 
same memory address. 

10121] According to the Informatton processing system of the eleventh aspect or the method of computation per- 
formed by using an Infonnation processing system of the fortieth aspect, the system comprises a bufHsr mechanism 
for temporarily buffering access demand to the data memory, and this has an effect of Increasing the speed of process- 
ing ofthe Information processing system by avoiding any intermptlon of processing due to collision of requests for 
renewal and thus avoiding any Increase of computation time. 

[0122] The buffer memories fri the twelfth aspect or the forty-first aspect write the data sent from adjacent element 
processors, respectively. In communkiattons b^ween adjacent element processors, as data with object name, and the 
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element processors complete reception of date from a<jOaoent element processors by searching data with object name 
at optional timing from the buffer memories. This makes It possible to prevent any disturbance to the operation Inside 
the respective element processors by the data communications between adjacent element processors. 
[01 23] According to the informaHon processing system of the twelfth aspect or the method of computation perfbnned 
t)y using an Infonnation processing system of the forty-first aspect, the element processors are Hirther provided, re- 
spectively, with a buffer memory In which to write, In communications between adjacent element processors, data sent 
from the adjacent element processors as data with object name, and the element processors complete reception of 
data from the adjacent element processore by searching data with ot^ect name at optional timing from the buffisr 
memory, and this has an effect of otytalning higher operating speed by preventing any interference to the operation 
inside the respective element processors due to data communications between adjaoent element processors. 
[0124] By Iceeping the matching memories in the thirteenth aspect or the forty^second aspect waiting for data nec- 
essary for at least one of the computing operations, each of the processing units in the element processors performs 
a certain amount of prescribed operations only at the point in time when the necessary data Is available in the cone- 
sponding matching memory, transfers the results to the matching memory, sends out data to the adjacent element 
processor and also receives data from the aiiyacent element proces^r, thus enabling automatic synchronization be- 
tween data and faster processing with less overhead of communication. 

[0126] According to the information processing system of the thirteenth aspect or the method of computation per- 
Ibrmed by using an infbmiatlon processing system of the forty-second aspect, the processlr^ unit perfomns a certain 
anwunt of prescribed operations only at the point in time when the necessary (teta Is available in the matching memory, 
transfers the results to the matching memory, sends out data to the adjacent element processor and also receives data 

. from the adjacent element processor, and this has an effect of enabling automatic processing with less overhead of 
communication and increasing the speed of processing of the Information prooesalr^ system. 
[0120] The program memories Inthe Iburteenth aspect orthe forty-third aspect are avaiiaK)1e1brrewr1tmg the program 
stipulating the operations of the processing units and, in the case where the element prooessoiB are integraSy controlled 

' by host computer Ibr example, maice ft possible to change the program by loading a new program In the program 
memories Inside the processing units from the host computer through a networic 

[0127] According to the information processing system of the fourteenth aspect or the method of computation per- 
fbrmed by using an infonnation processing system of the tbrty-tiiind aspect, the system Is constructed tiy comprising 
a program memory available for rewriting the program stipulating the operations of the processing unit and, in the case 
where the host computer intagraily controlDng the element processors is connected throi^h a networic, for example, 
it becomes possible to change the program by loading a new program In the program, memory Inside the processing 
unit from the host computer, and Ihls has an effect of providing an information processing system highly applicabie to 
general purposes. 

[0128] The processing units In the forty-fourth espect load in advance the data memories of the element processors 
with the internal point bits, the external point bits and the boundary condition bits so that they may peribnn operations 
by uairtg one same computation program regardless of the kind of lattice points, and change the processing to the 
element processors by using the internal point bits, the external point tslts and the boundary condition bits. 
[0128] According to the method of computation perfonned by using an infonnation processing system of the forty- 
fourth aspect, the processing unit performs operations by using one same computation progmm capable of changing 
the processing In the element processors with the internal point bits, the external point bits and the boundary condition 
bits, and this has the effect of maldng It possible to perform operattons by using one same computation program 
regardless of the Icind of lattice points and reduce the scale of the infonnation processing system by slir^i^ng the 
computation program. 

[0130] Each of the processing units in the frfteenth aspect or the forty-fifth aspect worics based on a data flow system 
which enables simultaneous execution of a plural number of programs assigned to different are^ of each of the program 
memories. And, one same processing unit can execute the processing of a plural number of lattice points slmultaneoi^ly 
by assigning a plural number of programs for processing the respective iattioe points to different areas of the corre- 
sponding program memory. 

[0131] According to the infonnation processing system of the fifteenth aspect or the metiiod of computation perfbnned 
k)y usirig an Infomraafion processing system of the forty-fifth aspect, the processing unit wortcs based on a data fiow 
system which enables simultaneous execution of a plural number of programs assigned to different areas of the program 
memory, and it executes the processing of a plural number of iattioe points simultaneously by assigning a plural number 
of programs for processing respective lattice points to different areas of the program memory, and this has the effect 
of making it possible to reduce the scale of the infonnation processing system and simpiiiy the oonstniction of the 
Information processing system. 

[0132] The processing units in the sixteenth aspect or the forty-sixth aspect work based on a dynamic data driven 
system capable of simultaneously executing one same program on the input data of a plurel number of sets with the 
useofldentiflere. 
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[0133] According to the information processing system of the sixteenth aspect or the method of computation per- 
formed by using an information prooessins system of the forty-sixth aspect, the data flow system Is a dynamic data 
drive system capable of simultaneously executing one same program on said input data of a plural number of sets with 
the use of Identifiers, and this has the effectof easily realizing dn^fficaUon of construction of the mibmiatlon processing 
system. 

[0134] The processing units in the forty-seventh aspect calculate the address of the data memories which store data 
regarding adjacent element processors based on the value of the Identifiers assigned to (he Input data. And they refer 
(o and renew the data memory by using the address of the data memories. For that reason, computation can be made 
easily by dynamic data driven system even in an inlbmnation processing system which perfonns, Individually for the 
ne^ctive processing units, <teta communication between the processing units of adjacent element processors asyn- 
chronously and repeatedly. 

[0135] According to the method of computation performed by using an information pa>cessing system of the forty- 
seventh aspect, the system calculates the address of the data memory which stores data regarding ad)aoent element 
processors and refers to and renews the data memory by using the address of the data memory, based on (he value 
of identifiers essigned to the input data, and this has the effect of easily realizing simplification of construction of the 
Inforrration processing system. 

[Oiaq Because the processing units in the seventeenth aspect or the for^ghth aspect are provided with hardware 
droults in which computing elements are wired in the shape of a data flow graph according to the wired-logic for part 
or whole of the data processing How, the respective data passes through the sequence of arithmetic elements one by 
one from the top of the data graph to be SLd^mitted to the processing one after another to automaticany reach the final 
arithmetic element When a series of operations are over, the results of computation are written in the data memory 
through data bus inside the processor and are also written at the same time in the data nf^^ 
processors through the connection between element processors. 

[0137] According to the informatton processing system of the seventeenth aspect or the method of computation 
performed by using an information processing system of (he forty-eighth aspect, the data processing unit is provided 
with a hardware drcuit in which confuting elements are wired In the shape of a data flow graph seconding to the wiring 
logic for part or whole of the data processing flow, and the respective data pi»s through the column of coning 
elements from the top of the (teta flow graph to be submitted to processing one after another and automatically reach 
the final computing element. When a series of operations are over, the data processing unit writes the results of com- 
putation in (he da(a memory through the dato bus inside the processors and writes those results of computatfon, at 
the same time, In (he data memory of the adjacent element processors to complete the series of processing operation. 
THerefbre. this invention has the efliect of realizing high-speed operation tiy extracting the maximum paraiiei processing 
specialized for differential operations. 

[013q The processing units in the eighteenth aspect or the forty-ninth aspect load in advance the dato memories of 
the element processors with the internal point bits, the external point bits and the boundary condition bits so that the 
computation may be made with hardware circuits according to one same wiring logic regardless of the Idnd of lattice 
points, and change the processing of data flow graph according to (he internal point bite, the ®ctemai point bits and 
the boundary condition Uts. 

[0138] According to the information processing system of the eighteenth aspect or the method of computation per- 
formed by using an information processing system of (he forty-ninth aspec(, the processing unit is provided with a 
hardware drcuit according to one same wiring logic capable of changing the processing of the data flow graph according 
to the internal point bits, the external point bits end the boundary condition bits, and (his has the eflisct of maldng it 
possible to peribmi computations with a hardware drcuit according to one same wiring logic regardless of the idnd of 
lattice polnte and reduce the scale of the Informatton processing system by simplifying the computation program. 
[0140] The processing unite in the nineteenth aspect or the flftieth aspect can increase, when executing operations 
for cumulatively adding the respective resulte of multiplication of first input by second Input, third Input by fourth Input, 
fifth input by sixth input, (2 X N - 1)-th input by (2 x NHh Input to 2N pieces of input data, the speed of operation 
processing which frequently uses those operations such as Navler^okes equation, for example, by directly calling 
(he art(hmetic device. 

[0141] According to (he infomiation processing system of the nineteenth aspect or the method of computation per- 
formed by using an information processing system of the fiftieth aspect, the processing unit is provided wHh computing 
device for directly executing operation codes for cumulatively adding the respective resulte of mult ipiication of first input 
by second input, third input by fourth input, fifth Input l3y sixth input, seventh input by eighth input to 8 pieces of input 
data, and ^cecutes operations of date flow graph according to the wiring logic to date Input at (he respective Input 
temninals of the multlpHer and outpute the results at the output tenninals of the multiplier, thus presenting an eflied of 
Increasing the speed of solving equations such as difforentiai equations, eto. 

[0142] The element processors in the fifty-first aspect level the number of times of communications at aD of the lattice 
points by increasing the number of times of communlcalions of the iattloe polnte with small number of times of oonv- 



14 



EP 0 896 001 B1 



munications for solving the governing equation of b field by having dummy communications even for bttioe points with 
small number of times of communications. 

[014^ Acoording to the method of computation perfomied by using an information processing system of the fifly- 
flret aspect, the number of times of communications at ail the lattice polnis is levelled, and this produces an effect of 

9 raising the effldency in parallel operations. 

tQ144] The element processors In the fifty-second aspect level the number of times of operations at aD of the lattice 
points by increasing the number of times of operations of the lattice points with small number of times of operaHons 
for solving the governing equation of a field by having dummy operations even Ibr lattice points with small amount of 
operations. 

10 [0145] According to the method of computation performed by using an Information processing system of the fifty- 
second aspect, the processing unit levels the number of times of communications at ail the lattice points by performing 
dummy operations even for lattice points with small number of limes of operations, and this produces an effect of 
raising the efficiency in parallel operations. 

[0l4e] The element processors in the flfty-lhird aspect Improve the efficiency of communications between lattice 
ts points by assigning the communication information between lattice points to the respective lattice points. For example, 
the element processors improve the efficiency of communication between lattice points tiy assigning the information 
of necessity or not of communication between lattice points and the infonnation about the method of communication 
indtoating if It is a communication passing through a network or not, thus eliminating any unnecessary communicattona. 
[0147] According to the method of computation perfomned by using an Information processing system of the fifiy- 
30 third aspect, communication information between lattice points is assigned to the respective lattice points, and this has 
the effect of lnY)roving the efficien<^ of communication between lattice points and increasing the speed of processing 
of the information processing system. iUtoreover, this invention also has the effect of improving the efficiency of com- 
munication between lattice points and increasing the speed of processing of the infonnation processing ayslem if 
information of necessity or not of communication indicating the necessity ornot of communication between lattioe 
^ points and infonnation of method of communication indicating if the oommunicaUon is made through a networlc or not 
are assigned to the respective lattice points, for example. 

[014q The data memories In the fiffy^fourth aspect has their memory areas assigned to the respective lattice points, 
and tha element processors exchange data between adjacent lattice polnis through the memory areas and can perform 
the exchange of data between lattioe points independently for each lattice point And, the data memories can eflisdh^ely 
30 hold communications of data for each lattice point by retaining tiie information for indicating the memory area to bo 
used fbr communication for each direction to be used tor communication of each lattioe point. 
[0149] According to the method of computation perfbmrad by using an Information processing system of the fifly^ 
fourth aspect, the processing system assigns a memory area of the data memory to each lattice points to make ex- 
change of data between «jyacent lattice points through the memory area and provides each of lattice point with Infor- 
ms matlon for indicating the memory ansa to be used for communlcalion in each direction where communication should 
be made, and this has an effect of easily realizing high-speed processing by the Information processing system. 
[01 50] The element processors In theflfty^fth aspect can perfbmn one same processing regardless If communication 
Is possible or impossible by providing for retention each of the lattice points with information indicating a common 
dummy area In the direction where communication is impossible, and does not require any judging program fbr Judging 
40 possibility or not of communication. 

[01S1] According to the method of computation performed by using an Information processing system of the fifly- 
fifth aspect, each lattioe point is provided, fbr retention, with Infonnation indicating a common dummy area in the di- 
rection where communication is impossible, and this has an effoct of maidng it po8sit>le to reduce the program fbr 
Judging possibility or not of communication and contract the program size. TTils system is capable of omitting synchro- 
46 nization, eto. and, therefore, it also has an effect of realizing contraction of program size and Increase of processing 
speed 

[01 52] The element processors In the fifty-sixth aspect can omit any unnecessary communications between element 
prooessore by holding two pairs of data in time sequence for intercommunication when adjacent lattice points are 
assigned over different element processore and by not rewriting the data tf any displacement of the renewed data Is 
60 no larger than tiie prescribed value in comparison with the data of the chronologically previous pair when the data fbr 
those lattice points has been renewed. 

[015^ Acoording to the method of computation performed by using an information processing system of the fifty- 
abrth aapact, element processors on bc^ sides mutually hold 2 pairs of data transmitted from the other party in time 
sequence and, when the data fbr those lattice points has been renewed, the processors do not rewrite the data of the 
OS oUier party if any displacement of the renewed data Is no larger than the prescribed value In comparison with the date 
of the chronologically previous pair, and this has the effect of increasing the processing speed of the Information 
processing system by omitting any unnecessary communication t}etween the element processors. 
[Ol&q The element processors in the flfty^eventh aspect assign virtual date area simulating lattice pdnte which are 
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closest to the border of Ihe computation area forming the subject of the catculation of equation and found out^e the 
computation area and equalize the processing of the lattice points which are Immediately inside the computation are 
with the processing of other lattice points In the computation area. 

[0155] According to the melhod of computation perlbnned by using an Information processing system of the Hft/- 
seventh aspect, virtual data area simulating lattice points which are closest to the border of the computation area 
fonning the subject of the calculation of said equation and found outside said computation area is as^gned to the data 
memory and the data of the lattice point is written in the virtual data area, and this has the effect of enabling simplification 
of processing program or contraction of program size. 

[0156] In the twentieth aspect or the fifly-efghth aspect, by comprising fine node coupling connecting the acQacent 
element processors to each other and coaree node coupling connecting the element processors to each other by 
skipping no less than one element processors between them, it is possible to advance computation with the use of 
coarse node coupling and fine node coupling and shorten the computing time without lowering the accuracy. 
[0157] According to the Information processing system of the twentieth aspect or the method of computation per- 
fbrmed by using an irufbrmaHon processing system of the fifty-eighth aspect, the Information processing system ad- 
vances the computation of equations by performing computation by element processors connected by coarse node 
coupling and computation by element processors connected by fine node coupling, and this has the effect of not only 
increating the convergence speed with computation made by using element processors connected by coarse node 
coupling but also maintain the accuracy of computation by computation made by using element processors connected 
by fine node coupling, thus enabling high-accuracy processing at a high speed. 

10158] In the fifly^inth aspect, the computatbn of equations Is advanced with altennate execution of computation by 
element processors connected by coarse node coupling and computation by element processors connected by fine 
node coupling, the convetgence lime is shortened with the computation by element processors connected by coarse 
node coupling and the accuracy of computation Is compensated with computation by element processors connected 
by fine node coupling. 

[0150] The method of computation peribrmed by using an Inforniation processing system of the fifty-ninth aspect 
has the eflbcl of enabling high-accuracy prooesslrig at a high speed because this system advances computation of 
equations by altemately performing computation by element processors connected by coarse nocte coupling and com- 
putation by element processors connected by fine node coupling. 

[0150] In the sbdieth aspect of the present Invention, the computation of equations using selected lattice points only 
simultaneously with the computation of equations of aO the lattice points to Improve the converging peribnnance. 
10161] According to the method of computation peribrmed by using an infonnafion prooesslrtg system of the sbctietii 
aspect, the system perfbmns calculation of equations using only part of iattioe points selected and the cafculation of 
governing equations using all the lattice point simultaneously, and this has the effect of shortening the processing time 
of the information processing system. 

[0162] The algorithm of the calculation of the equations using selected lattice points only In the sbcty-firBt aspect is 
made to be different fiom the algorithm used tor the calculation of equations using all the lattice points, in such a way 
that emphasis is put on oonveiigence In the fonner algorithm while emphasis is put on accuracy of solution In the latter 
algorithm. 

[0163] According to the method of computation performed by using an Information processing system of the sbdy- 
first aspect, tiie algorithm of the calculation of equations using only selected lattice points is diflierent firom tiie algorithm 
used for the calculation of equations using aU the iattioe points, and this has the effect of making It possible to put 
stronger emphasis on the conveigence speed than the accuracy of the algorithm applicable to coarse nodes and to 
sharply reduce the processing time of the Intormation processing system. 

[0164] The element processors in the sixty-second aspect have no less than 2 pairs of data regarding the ac^cent 
lattice points In time sequence and omit Ihe operation of the lattice point concerned if the amount of fluctuation between 
the pairs of data Is no larger than tiie prescribed amount by comparing tiiose 2 pairs of data. 
[0165] According to the method of computation performed by using an information processing system of the sixty- 
second aspect, tiie processing unit has no less than 2 pairs of date regarding adjacent lattice points in time sequence 
and omits tiie operation of lattice points if the amount of fluctuation between the pairs of data Is no larger than the 
prescribed amount, and tills has the effect of sharply reducing tiie processing time of the Infonnation processing system. 
[0166] The element processors In thesbdy^hlrd aspect can further avoid making any wasteful local computation by 
reducing tiie value of the prescribed amount for omitiing the operatton of lattice points depending on the value of 
fiuctuation between tiie pairs of date according to the grade of conveigence. 

[0167] According to flie method of computation peribrmed by using an infonnation processing system of the sbc^ 
third aspect, flie value of the prescribed amount for omitting the operation of latttee polnte depending on the value of 
fluctuation between said pairs of date Is reduced according to the grade of convergence, and this has the effidcl of 
sharply reducing the proces^ng time of the Information processing system. 

[Oioq The 1/0 unit In tiie Iwenty-first aspect or the sbdy-fourtii aspect asynchronously reads output date In tiie ele- 
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ment processors and, by furnishing that output data witti identifiers necessaiy for arranging and sorting of data and 
can perform post-processing, even If a plural number of physical values are sent In mbced state, t)y identi^ng and 
TOfting the respective output data with the identifiers. 

10168] According to the Information processing system of the twenty^first aspect or the method of computation per- 
Ibmied by using an infomiatlon processing system of the 8bcty4oijrth aspect, the output I/O unit nynchronoudy reads 
output data In the element processors and furnishes that output data wHh identifiers necessary for ananging and sorting 
of data, and this has the efFect of performing post-processing by using output data provided with identifiers and per- 
forming high-speed processing while outputting the intermediate results of non-steady computation. 
[0170] The output data Image processing unit In the twenty-second aspect or the sixty-fifth aspect collects output 
data from the output units of the rsspective element processors and, to transmit the situation of progress of computation 
to outside, generates visible Images of the dUa in real time based on the output data arriving asynchronously from all 
the element processors. 

[0171] According to the Infbrmallon processing system of the twenty-second aspect or the method of computation 
performed by using an information processing system of the sixty-flflh aspect, the Information processing system is 
constructed by comprising output data Image processing unit for colleding output data from the output I/O unit and 
generating visible images of tiie output date in real time based on tiie output data arriving asynchronously from dl the 
element processors and can output Intermediate results of non-steady computation without disturblr^g the operation 
of the element processors, and this has tiie effisct of perfbrmlrig hlgh-q)eed processing while outputting Intermediate 
results of non-steady computation. 

pi 1 72] The coordinate conversion unit In the twenty-third aspect or the sixty-sixth aspect can use different coordinate 
systerns I.e. coordinate system suitable to input and coordinate system suitable to computation by converting from the 
first coordinate system used by the host computer to ttie second coordinate system used by tiie element processors, 
and converting from the second coordinate system used by the element processors to the first coordinate system used 
by the host computer, and thus fodlHates the formation of lattice. 

[01 73] According to the infofmafion processing system of the twenty-third aspect or the method of computation per- 
formed by u^ng an infonnatlon processing system of the sbcty-sbcth aspect, the Information processing system is pro- 
vided with coordinate conversion unit for converting, when Iransforring data th>m the host computer controfling the 
element processors to the element processors, f^xHn the fM coordinate system used by the host computer to the 
second coordinate system used by the element processors, end converting, when transfoning data from said element 
processors to the host computer, from the second coordinate system used by said etement processors to said first 
coordinate system used by ^Id host computer, and tills has the effect of fadiltafing fonmation of lattices and improving 
the accuracy of the solution. 

[01741 The first convergence Judging unite in the twentHburtti aspect or the sixfywventh aspect are provided in 
each of tiie element processors and independentiy of the processing units for Edging convergence wittiout distuibing 
the computation of the processing unit concerned. Moreover, the plural number of element processors are divided Into 
a plural numt>er of groups and the first convergence Judging unit of the respective element processors are connected 
In the fomn of a unidirectional closed loop or in an Integrated form in flie respective groups by means of first commu- 
nication routes, and tiiey are also connected to the respective first oommunicaUon routes of each group by means of 
second communication routes, so as to connect all of the second convergence Judging unite Integrating the results of 
Judgement of convergence of all first convergence Judging unite In the respective groups and all of the second conver- 
gence Judging units of the respective groups in tiie form of a unidirectional closed loop or In an integrated form, thus 
maldng it possible to fomi Judgement of convergenoe without distorbing the computation in the respective element 
prooessore and trensmit that information to the host computer through the first and the second communication routes. 
[0175] According to tiie information processing system of the twenty-fourth aspect or the metiiod of computation 
performed by using an infonnatlon processing system of the stxty-^eventh aspect, the processing unit can perform 
Judgement of convergence In parallel for each group without disturbing the processing in the element processors, and 
this has the effect of increasing the computation speed. 

[0176] The plural number of element prooessore in the twenty^fifih aspect or the sixty^lghth aspect first form Judge- 
ment of convergence to eittier tiie respective element prooessore or to no less than one proc^ng means assigned 
to the prooessore. And, if Judgement of convergence is made, the respective element processors send out a message 
Indicating convergence of either the element prooessore or the processing means concerned after necelving a message 
of convergence from the ad|aoent element prooessore. By repeating those operations, the element processors transmit 
messages one after anotiier according to tiie route and Judge convergence of the whote system. 
[0177] According to tiie Information processing system of the twenty-fifth aspect or the method of computation per- 
formed by using an information processing system of tiie sixty-eighth aspect, ttie Information processing system com- 
prises a process for fomiing Judgement of convergence for each of the element prooessore or for each of no toss than 
one processing means assigned to the prooessore, and a process for Judgmg convergence by transfoiring message 
one after anotiier according to ttie prescribed route, and tiie respective element processore can execute operations In 
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parallel without being disturbed In their respective operetions, end this hes the effect of Increasing the operation speed. 
[0178] After the completion of convergence Is Judged by the process Judging the convergence of the whole part In 
the sixty-ninth aspect, it becomes possible, by repeating the respective processes, to fbim stmDar Judgement of con- 
vergence again and, even In the case of existence of any unstable lattice pdnits, Judge twice with a time lag so as to 
ensure the Judgement of convergence of the entire system. 

[QITq According to the method of computation performed by using an information processing system of the sixty- 
ninth aspect, the convergence judging unit fonrys similar Judgement of convergence again by repeating the respective 
processes after the completion of general convergence has been Judged by the proossses which Judge the general 
convergence, and this has the effect of correcting fbmnlng judgement of convergence of the entire Information process- 
ing system even in the present of any unstable lattice points. 

[0180] By oonfimiing convergence In multiplex ways by messages transferred one after another according to the 
plural number of routes in the twenty-sfocth aspect or the seventieth aspect, H becomes possible to form similar Judge- 
ment of convergence at least twice for one lattice point even in the case of existence of any unstable latUoe points and 
ensure the Judgement of convergence of the entire system. 

[0181] According to the Information processing system of the twenty-sixth aspect or the method of oomputation 
performed by using an infomiation processing system of the seventieth aspect, convergence is confimied in multiplex 
ways by messages transferred one after another according Id a plural number of routes, and this hm the effect of 
correcting forming judgement of convergence of the entire infbrmatidn processing system even in the present of any 
unstable lattice points. 

[01 82] By newly oonflrming convergence after the completion of convergence of the entire system is Judged by the 
process Judging the convergence of whole system in the seventy-Hrst aspect, it becomes possible to form Judgement 
of convergence at a Hme even in the presence of any unstable lattice points so as to ensure the Judgement of conver- 
gence of the entire system, though this leads to once stopping the processing of the entire element processors. 
[0183] According to the method of computation performed by using an Information processing system of the seventy- 
first aspect, the convergence Judging unit forms Judgement of convergence again tiy stopping the processing of all 
elememt processors or the processing means, after the coinpleGon of generai convergence has been judged by the 
processes which judge the general convergence, and this has the effect of correcting fomting judgement of convergence 
of the entire information processing system even In the present of any unstable lattice points. 
[0184] The storing means In the seventy-second aspect judges, after being initialized by a process of initializing the 
storing means for storing ttie results of Judgement of convergence, convergence or not of the computation for lattice 
points for the respecth/e lattice points taken chaige by the processors after passage of the prescribed time in which 
the entire system is believed to have suffidentiy converged and, if It is Judged that convergence has not yet been 
reached, sets the storing means to the prescribed logical value and Judges convergence by checking the content of 
the memory In the storing means, thus making it possible to cope even with cases where the system is continuously 
unstable. 

pi18S] According to the method of computation performed by using an information processing systemof the seventy- 
second aspect, the Infomiation processing system is constmcted by comprising a process of.inttlallzlng the storing 
means for storing the results of Judgement of convergence, and a process of judging convergence or not of the com- 
putation for lattice points for the respective lattice points taken charge by the processore and. if it Is Judged that con- 
vergence hsB not yet been reached, sets tiie storing means to the prescribed togical value, and this has the effect of 
maintaining the system workable even In a case where the system gets in a state of constant instability and thus 
improving the reiiabliity of the information processing system. 

[01 8Q] The input/output control unit of the seventy-third or the seventy-fifth aspect of the present Invention switches 
the direction of communication according to a demand for access to data memory of an element processor, and the 
element processor can read out/Write data at high speed hom/ln one data memory ofthe plural number of data memorlea 
shared with the adjacent element processor. This readout data are data written by the adjacent element processor, 
and the data communication between the adjacent element processors is heid with access to the data memory 
[0187] According to the infomiation processing system of the seventy-third aspect or the method of computation 
performed by using an Infonnation processing system of the seventy-imh aspect, the I/O controOer Is commonly con- 
nected to a plural number of data memories shared by the adjacent element processors and is constmcted In a way 
to control input/output of data with one of the piurel number of data memories by switching the direction of communl- 
catbn according to demand for access, and this has an effect of increasing the speed of data communication between 
adj«»nt element compressors. 

[OlOq The value of the logteai product generated by the wired OR drcult in the seventy-fourth or the seventy-sixth 
aspect ofthe present invention can tell whether or not the results of judgement of convergence indicating convergence 
of cperetions in the respective element processors are stored In aD ofthe plural number of registers. At that time, the 
element processore can continue operations independently of the Judgement of convergence by using the results of 
judgement of convergence stored in the registers. 
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[0189] According to the information processing system ctf the seventy-fourth aspect or the method of computation 
performed by using an information processing system of the seventy-sixth aspect, the system is constructed In a way 
to generate logfcal product of the output of a piurvi number of registers provided respectively in correspondence to a 
piurai number of element processors to temporarily storing the results of Judgement of convergence of the operations 
executed by each of the plural number of element processors by means of a wired OR circuit, this has an eflbct of 
Judging convergence wHh the value of the logical product generated by the wired OR circuit and shortening the con- 
vergence Judging time while forming Judgement of convergence Independently of the processing for operations of the 
element processors. 

[01 90] The element processors of the seventy-seventh aspect of the present invention can shorten the time required 
for the convergence of all element processors liecause they shorten the time up to convergence by assigning a smaller 
number of lattice points In the case where they contain unstable lattice points for analysis than in the case there they 
do not contain any unstat>le lattice points, thus reducing the devlatton in the operating time of all element processors. 
[0191] According to the method of computation performed by using an information processing system of the seventy- 
seventh aspect, the system is constmcted In a such way that the nun^r of lattice points assigned to element proc- 
essors comprising unstable lattice points for analysis in which unstabie factors exist is smaller than the numl)er of 
lattice points assigned to element processors not comprising any unstable lattice points for enaiysis, and this has an 
effect of shortening the time up to convergence by levelling the operating time in the respective element processors. 
[0192] These and other ot]jects, features, aspects and advantages of the present Invention wfll become more ap- 
parent tram the fbllowing detaDed description of the present Imvenfton when taken In conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
19193] 

Rg. 1 is a block diagram showing the oonstmction of the infbmiation processing system according to the first 
embodiment of the present invention; 

Fig. 2 is a block diagram showing the hardware constnjctlon of an element processor according to the second 
embodiment of the present invention; 

Fig. 3 is a block diagram showing the hardware construction of an element processor according to the third em- 
bodiment of the present Invention; 

Rg. 4 Is a block diagram showing the hardware construction of an etement processor according to the fourth 

embodiment of the present invention; 

Fig. 5 is a data graph showing the basic fkiw of operations; 

Rg. 6 is a Mock diagram showing the construction of the informatton processing system for perfomriing constructed 
three-dimensional computatton by three-dimensionaliy connecting two-dimensional boards, according to the flflh 
embodiment of the present Invention; 

Fig. 7 is a flow chart showing the operation algorithm by asynchronous computation system according to the sixth 
embodiment of the present invention; 

Rg. 8 Is a conceptual drawing for explaining the control volume based on finite difference method; 
Rg. 9 is a drawing showing the construction of the data handled by the data memory; 
Rg. 10 is a flow chart showing the computation procedure of the computation algorithm by asynchronous compu- 
tation system; 

Rg. 11 is a flow chart showing the computatton procedure of the computation algorithm asynchronous compu- 
tation system; 

Fig. 1 2 a block diagram showing the construction of two-dimensional boards constaictlon In pipeline in the direction 
of time base according to the seventh embodiment of the present invention; 

Fig. 1 3 Is a block diagram showing the constoiction of the infommtion processing system according to the eighth 
embodiment of the present invention; 

Fig. 14l8a block diagram showing the constmctton of the element processorconstttutingtheinformatton processing 
system according to the eighth embodiment of the present invention; 

Rg. 15 is a block diagram showing the construction of the Inlbmiatton processing system according to the ninth 
embodiment of the present inventton; 

Rg. 16 is a btock diagram showing the construction of the element processor used for realizing the information 
processing system according to the ninth embodiment of the present Invention; 

Fig. 17 is a block diagram showing the construction of the information processing system according to the tenth 
embodiment of the present invention; 

Fig. 18 Is a btock diagram showing the constmcflon of the element processor used for realizing the Infbmiatlon 
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processing system ecoording to the tenth embodiment of the present imwntion; 

Rg. 19 is a block diagram showing the construction of the memory used for realizing the Information processing 
system according to the tenth emt)odIment of the present Invention; 

Rg. 20 Is a tHotiK diagram showing the conatmction of the element prooessoraccording to the eleventh embodiment 
of the present Invention; 

Rg. 21 is a blocic diagram showing the construction of the element processor according to the tw^fth embodiment 
of the present invention; 

Rg. 22 Is a system flow chart for explaining the construction of the processing unit according to the thirteenth 
embodiment of the present invention; 

Rg. 23 isa block diagram lowing the constnicUon oftheinlbmiation processing system according to the fourteenth 
embodiment of the present inventton; 

Rg. 24 is a bk)ck <fiagram showing the construdion of the element processor used for rsalizing the information 
processing system according to the fifleenth embodiment of the present Invention; 

Rg. 25 is a block diagram showing the constmctton of the information processing system according to the sbcteenth 
embodiment of the present invention; 

Rg. 26 Is a bk>ck diagram showing the construction of the infonnation processing system according to the seven- 
teenth embodment of the present invention; 

Rg. 27 Is a block diagram showing the construction of the element processor used for rsafizing the information 
processing system according to the sixteenth and seventeenth embodiments of the present Inventton; 
Rg. 28 is a bk)ck diagram showing the constaiction of the informatbn processing system according to the eight- 
eenth embodiment of the present Invention; 

Rg. 29 is a btock diagram showing the oonstnjction of the Intbrmatton processing system according to the nine- 
teenth embodiment of the present invention; 

Rg. 30 is a block diagram showing the construction of the information processing system according to the thirtieth 
embodiment of the present Invention; 

Rg. 31 Is a plan view showing the state of lattice points for explaining the constmctton of the Infonnation processing 
aystem according to the twenty-first embodiment of the present Invention; 

Rg. 32 is a drawing showing the layout of the program memory for explaining the Informatton processing aystem 
according to the twenty-second embodiment of the present invention; 

Rg. 33 Is a drawing showing the layout of the pro-am memory for explaining the Infonnation processing system 

t>y dynamic date ftow system according to the twenty-third embodiment of the present inventton; 

Rg. 34 is a conceptual drawing showing an example of colour acquisition function for acquiring different date 

memory addresses for respective colour identifiers In the twenty-third embodiment of the present inventfon; 

Rg. 35 is a conceptual drawing showing an example of layout of colour toentifiers for realizing colour acquisition 

function; 

Rg. 36 Is a drawing showing an example of the constmction of the date memory for realizing colour acquisition 
function; 

Rg. 37 is a drawing showing the construction of the date memory for realizing the Information processing system 
according to the twenty-fourth embodiment of the present inventton; 

Rg. 38 is a ftow chart showing the procedure of communtoation between lattice polnte according to the twenty- 
fourth embodiment; 

Rg. 39 is a drawing showing the constriiction of the date memory for realizing the Infonnation processing system 
according to the twenty-frfth embodimOTt of the present invention; 

Rg. 40 is a ftow chart showing the procedure of communication between lattice pointe according to the twenty^ 
fifth em!x)dlment; 

Rg. 41 is a conceptual drawing of the computation area showing the memory area in the respective directtons Ibr 
making communication for each lattice point; 

Rg. 42 is a drawing for explaining the oonvminicatlon between lattice pointe according to the twenty-fifth embod- 
iment; 

Rg. 43 Is a drawing showing the constmction of the date memory fbr realizing sharing of date area for dummy 
oommunication according to the twenty-^ixth embodiment of the present invention; 
Rg. 44 is a flow chart for realizing sharing of date area fbr dummy communication; 

Rg. 45 Is a conceptual drawing for explaining the type of communication between element processors according 
to the twenty-seventh embodiment of the present Invention; 

Rg. 48 Is a layout drawing for explaining simpltficatton of program according to the twenty-eighth embodiment of 
the present Invention; 

Rg. 47 is a dnawing showirig the relation of lattice pointe for explaining the ections of the informatton processing 
system according to the twentyniinth embodiment of the present Inventton; 
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Fig. 4a is a block diagram showing the construction of the Information processing system according to the thlr^- 
first embodiment of the present invention; 

Fig. 48 Is a blodc diagram showing the construction of the information processing system acconjing to the thir^- 
second embodiment of the present Invention; 

Fig. 60 is a biocic diagram showing the construction of the element processor used for reaDzing the intormation 
processing system acoording to the thirty-third embodiment of the present invention; 

Rg. 5118 a biocic diagram showing the construction of the information processing system aocordhg to the thirty- 
third embodiment of the present invention; 

Rg. 52 Is a block diagram showing the construction of the infbnnation processing system according to the thirty- 
fourth embodiment of the present invention; 

Fig. 53 is a btock diagram showing the construction of the element processor used for realizing the infonnation 
processing system according to the thlity-4inh embodiment of the present Invention; 

Fig. 54 Is a btock diagram showing the construction of the infonnation processing system according to the thirty- 
fifth embodiment of the present invention; 

Fig. 55 Is a conceptual drawing showing the route of transfier of end flag for explaining the acttons of tlie information 

processing system acoording to the thirty-sbcth embodiment of the present invention; 

Rg. ^ is a flow chart I6r explaining the procedure of transfer of end flag to adjacent lattice point of the infbrmation 

processing system acoording to the thirty-sbeth embodiment of the present Invention; 

Fig. 57 is a flow chart for explaining the procedure of transfer of end flag to adjacent lattice point of the information 

processing system acoording to the thiity-sixth embodiment of the present invention; 

Rg. 58 is a drawing showing the construction of the message packet used for outputting result data according to 
the thirty-sixth embodiment of the present Invention; 

Rg. 69 is a conceptual drawing showing the route of transfer crfend flag for explaining the acttons of the infbrmation 

processing system acoording to the thirty-seventh embodiment of the present invention; 

Fig. 60 is a flow chart for explaining the procedure of transfer of end flag to adjacent lattice point of the infbrmation 

processing system acoording to the thirty-seventh embodiment of the present invention; 

Rg. 61 is a fbwchart showing the procedure of sending out of end flag of the element processor serving as starting 

point fbr the transfer ctf end flag of the inibrmation processbig system according to the thirty-seventh enAodiment 

of the present invention; 

Rg. 62 is a flow chart for explaining the procedure of transfer of end flag to adjacent lattice point of the information 
processing system according to the thirty-eighth embodiment of the present Invention; 
Rg. 63 is a flowchart showing the procedure of sending out of end flag of flie element processor senring as starting 
point for the transfer of end flag of the information processing system according to the tMrty-eighth embodiment 
of the present invention; 

Rg. 64 is a flow chart showing the procedure of artsltnation of processing at the lattice points of the information 

processing system acoording to the thirty-eighth embodiment of the present invention; 

Rg. 65 is a flow chart fbr expiair)lng the procedure of transfer of end flag to adjacent lattice point of the infomnaflon 

processing system according to the thirty-ninth embodiment of the present invention; 

Rg. 66 is a flow chart for explaining the procedure of transfer of end flag to adjacent lattice point of the Infonnation 

processing system acoording to the thirty-ninth embodiment of the present Invention; 

Rg. 67 is a flow chart showing the procedure of Judgement of convergence of the information processing system 

according to the fortieth embodiment of the present invention; 

Fig. 68 is a block diagram showing the oonstnjction of a system tor sotvhg diflierentiai equations using a conven- 
tional multi-processor, 

Rg. 69 is a graph showing the efficiency of parallel openatnna in the case of use of the conventional method of 
solving differential equattons; 

Fig. 70 Is a flow chart showing the computation procedure of numerical analysis of fluki by SIMPLE method; 
Fig. 71 is a biocic diagram for explaining units of the network constructed with I/O oontroler and data memories 
according to the forty-first embodiment of the present invention; 

Rg. 72 is a block diagram fbr explaining other units of the networic oonstrnded with I/O controller and data memories 
according to the torty-frst embodiment of the present inventton; 

Fig. 73 is a block diagram tor explaining units of the first network constructed with I/O controller and data memories 
according to the forty-first embodiment of the present Invention; 

Rg. 74 Is a block diagram for explaining units of tiie second network constmcted with I/O controller and data 
memortes according to the forty-first embodiment of the present Invention; 

Fig. 75 is a block diagram for explaining units of the thinj network constructed with I/O controller and data memories 
according to the forty-first embodiment of the present Inventton; 

Rg. 76 is a btock diagram for explaining units of the fourtii networic constmcted with I/O oontroiier and data mem- 
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orles acoarding to the fbrty-firet embodiment of the present invention; 

Fig. 77 is a conceptual drawing Indicating an outline of the construction of the convergence Judging system ac- 
cording to the forty-eecond embodiment of the present invention; 

Fig. 78 18 a conceptual drawing indicating fomi of division of the computation area including unstable lattice points 
for analysis according to the forty-third embodiment of the present invention; and 

Rg. 79 is a blodc diagram indicating a model of data transfer route betmen registers according to the forty-fourth 
embodiment of the present Invention. 

DESCRiPTiON OF THE PREFERRED EI\/IBODtMENTS 

ro 

[0194] The first embodiment of the present Invention will be described hereafter by using drawings. 
[0195] Fig. 1 is a general construction drawing ofthe multi-processor In the first embodiment of the presenting 
In Fig. 1, 1 is the host computer Integrally controlling the computation processing, 2 is the main body of Infomnatlon 
processing system perfomiing computation processing under the control of the tiost computer 1 , 3 are element proc- 

15 essors arranged spatiaiiy and constituting the infomiation processing system 2, 4 is a network for exchanging infor- 
mation by connecting between the host computer 1 and the Infomiation processing system 2,Sm processing units 
provided in the respective element processors 3 for performing computationp 6 are memories provided in the respective 
element processors 3 for storing information, and 7 are connections among element processors for communicating by 
connecting between the respective element processors 3. 

20 [0196] in the information processing system 2 fan Fig. 1 , the state of connection amor^ the respective element proc- 
essors 3 is Indicated for the case of near-neighbor meshes arranged in the form of lattices, but may also be of other 
connecting systems such as linear array, ring, star, tree, systric array, completely connected and the Dice. 
[0197] Next, explanation will be given on actions. 

[019Q] The host computer 1 , which faces to the information processing system 2 through the netwoilc 4, perfomis 
^ setting of Initial conditions and boundary conditions. Judgement of convergence inside the information processing sys- 
tem 2, output of results of computation in the infomiation processing system 2, etc. The respective dement processors 
3, which are connected to one another so that tiiey may mutually communication through the connection 7 between 
element processors, either set Initial conditions and bounctery conditions, send out information for Judgement of con- 
vergence of computation or send out results of computation, according to the control command sent from the host 
30 computer 1 to the infomiation processing system 2. As host computer 1, personal computer or wbric station, ^ ia 
used and connected to the Information processing system 2 through the network 4. 

[0199] The respective element processors 3, which are composed of processing unit 6 and memory unit 6, have the 
functions of storing the initial conditions and tTOundary conditions sent from the host computer 1 through the networic 
4 and the connection 7 between element processors in the memory unit 6, performing the prescribed oomputotion 
^ prooesalrig In the processing unit 5 Immediately after receipt of tolcen for starting computation from the host computer 
1 , %vrfte the processed data in the memory unit 6 and Hirther continue computation. 

[0200] The element processors 3 are classified in the 3 major categories according to the constmctlon system of the 
hardware. Fig. 2 to Fig. 4 are blocic diagrams showing examples of hardware construction system of various idnds of 
element processora 38 to 3c. 

40 [0201] In the respective drawings, 8 is a data memory provided in tiie memory unit 6, 9 Is a data bus In processor 
for communicating tiy connecting between the processing unit 6 and the data memory 8, 10 Is a floating point arlttimetic 
element provided in the processing unit 5, 11 a program memory provided In the processing unit 5, 12 is a function 
module provided in the processing unit 5, 13 is a hardware circuit in the shape of a data flow graph according to the 
wiring logic provided in the processing unit 5, 14 are computing elements arranged according to the data flow graph 

4$ 13, and 16 is a data line connecting the computing elements 14 according to tiie data flow graph 13. 

[0202] By realizing all operations necessary for solving differential equations with the hardware, it becomes possible 
to realize the maximum degree of parallel processing on the command level. In the solving method with multi-processors 
based on domain decomposition method, the parallel processing on the command level of the respective processors 
depends on tiie architecture of tiie processors but is not based on ti)e parallel processing owned by tiie sohrfng metiiod 

so itself of the difTerentiai equations. Fig. 2 is a constmction drawing of an element processor which realized the flow of 
data processing with a data flow graph based on the wired-logic. 

PI2Q3\ Explanation will be given on the second embodiment of the present invention by using drawings. Rg. 2 Is a 
btodc diagram showing an element processor constituting the information processing system by the second embodi- 
ment of ttie present Invention. In Fig. 2, Inside the processing unit 5, the respective arlthmetlo-loglc elements are 
00 arranged along the data flow graph 13 according to the wired-logic Indicated in Rg. 6 and connected tyy means of the 
data Dne 15. for example. Fig. 5 is a data flow graph showing the flow of the t>asic processing. In the drawing, 16 are 
arithmetic nodes which peribmi the prescribed operation to tiie data Input along tiie arc 17 and output the results of 
operation to the next arithmetic nodes atong the arc 17. 
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[0204] The arlthmetio-logic elements 14 have the fundions of performing, for example, four arithmetical operaUons, 
logical operation, readout & writing command of memory, absolute value, exponential operation, etc. 
[0205] If the token (a message calling for node address or start of computaOon) sent from the host computer 1 through 
the network 4 gets tnto the processing unit 5 Itirough the data bus 9 Inside the processor, element prc^essor 3a have 

s access first to the data memory 6 such as DRAM (dynamic random access memory), SRAM, flash memory, etc., for 
example, and prepare the necessary data by absorting the quantity of state of their own processing unit 5 stored in 
the data memory 8 and the quantity of state of the adjacent processing unit 5. The respective data pass through the 
sequence of arithmetic-logic elements 14 one after another from the top of the data flow graph 13 to be submitted to 
computation processing and automatically reach the final arithmetic-logic element 14. 

10 [020q When there are completed a series of operations as the respective data pass through the sequence of ariih- 
melk^loglc elements Uoneafteranotherfrom the top of the data flow graph 13 to be submitted to computation pn3cess- 
ing and automatically reach the final computing element 14. The arithmetkHogic elements 14 write the results of com- 
putation in the data memory 8 through the data bus 9 inside the processor and also write them In the data memory 6 
of the adjacent element processor 3a through the connection 7 between element processors to complete the series 

15 of compulation processing. In that case, the processing unit 5 ads as a spedal purpose computer which executes only 
the series of processings described in the date flow graph 13, thus providing a high computing speed. 
[0207] Next, explanation will be given on the third embodiment of the present invention by using drawings. 
pi2O0] Rg. 3 is a block diagram showing an element processor constituting the information processing system by 
the third embodiment of the present invention. By a^anglng a reloadable program memory in the respective eiemervt 

20 processors, it becomes possibte to provide them wHh flexibility in their function of special purpose oomputens. Tlie 
processing unit 5 indicated In Fig. 3 is constituted with a floating point arithmetic element 10 and a program memory 
11 Instead of a sequence of arithmetic-logic elements 14 according to the data flow graph 13. TTie operations are 
performed by forther loading the program sent from the host computer through the networtc 4 to the program memory 
11 of the respective element processors lb through the connection 7 between element processors. 

20 [0209] The content of the program memory 11 Is reloadabto and, therefore. It Is possible to change the program by 
loading a new program In the program memory 11 inside the processing unit 5 from the host computer through the 
network 4. Therefore, any c\tange of algorithm for solving differential equations or supptomentatlon of flinctkxi can be 
made with simple loading of new program in the program memory 11. 

I021Q] As It has been described above, even a multi-prooessor of a constnictlon specialized for Increasing the op- 
30 erating speed can be provided with flexible functions of change of algorithm, supplementation of function, eta with 
rewriting of the program. According to the processing unit indtoated in Fig. 3, it becomes possible to freely select and 
change the solution algorithm and tiius greatly expand flie scope of appOcaUons of computer compared with the 
processing unit of Rg. 2, by changing the program. 

[0211] By providing a refoadabte program memory In the element processors, it becomes possibte to change the 

9$ program by rewriting the content of the program memory and reaOze change of algorithm or scheme for solving differ- 
ential equations or supplementation of functions, eto. on one same hardware. F^. 1 and Rg. 3 Indicate respectively 
the constnJcUon of an inrtormalton processing systmi and the constmction of an element processor for loading new 
algorithm, scheme or model in the pn^gram memory of the respecttve element processors In the first embodiment of 
the present invention. 

40 [0212] In Fig. 3, the content of flie program memory 11 Is reloadable and, therefore. It is possible to change the 
program by loading a new program In the program memory 11 inside the processing unit 5 from the host computer 1 
through the network 4. The re^>ective element processors 3b are constructed in e way to perform operaticns by op- 
erating the floating point computing element 10 according to the software written in the program memory 11. If any 
program written with new algorithm, scheme and model to the etement processors 3b Is input finom the host computer 

46 1 , the program memory 11 on ail the element processors is reset, tiie program is assigned to the respective dement 
processors 3b through the networic 4 and the connection 7 between element processors, the program in the program 
memory 11 is rewritten and, upon completion of this procedure, the respective element processors 3b get ready for 
sterling computetlon. 

[0213] As explained above, even a muRI-prooessor of a constaictlon specialized for Increasing the operating speed 
GO can statically reconstruct model, aigoritiim and scheme to have flexible functions with rewriting of the program. 

[021 4] By providing a date memory the conte nt of whteh is erasable with command from host computer in the element 
processors, It becomes possibte to change the boundary condlttons by rewriting the content of the date memoiy and 
realize computation of various analytical models on one same hardware. 

[021 q In Rg. 1, the respective etement processors 3 can be constmcted in a way to perfbmn operations by either 
05 having a hardware clrouft In the shape of a data flow graph 13 linked by date line 1 5 In tiie arlthmetio^ogic element 14 
or operating the floating point computing etement 10 according to the software written in the program memoiy 11 . 
Moreover, an Initial condition setting program Is teaded on the host computer 1, and boundary conditions can be set 
freely by using this setting program. If any boundary conditions of computaUon are Input In the host computer 1, the 
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initial condition setting program is started, the data memory 8 on all the element processors is reset, the initial oondllions 
and baundaiy oondllions of computation are assigned to the respective element processors 3 through the netuvork 4 
and the connection 7 betuveen element processors and, upon oomplefion of this procedure, the respective element 
processors 3 get into the slate of standby fbr starting computatton. 

9 [0216] Therefore, operations to various boundary conditions and initial conditions can be realized with simple pro- 
cedure of loading conditions in the host computer, bf using an information processing system 2 of one same multi* 
processor construction. 

[0217] iSlext, explanation will be given on the fourth embodiment of Ihe present Invention by using drawings. 
[021 q Rg. 4 Is a block diagram indicating the element processors constHuling the Infonnation processing system 

10 by the fourth emtxsdiment of the present invention. The processing unit 5 Indicated in Rg. 4 has composite functions 
of the processing unit constructions Indicated in Rg. 2 and Rg. 3. In the processing unit 5 indicated In Rg. 4, operation 
processing functions frequently used for soh/Ing differential equations are constructed in the form of hardware circuits 
in a fonction module 12. When perfonning computation, the iljnction module 12 is called out as required for fltinctioning, 
by describing a command for caiilr^ function module 12 In the program. Therefore, the computation time during ttiat 

f 0 period can be sharply reduced compared with a case in which the software mekes the floating point arithmetic element 
10 function fbr afl the computation processing, as witii the processing unit indicated in Rg. 3. 
[0219] The respecth^ element processors 3c are connected with adjacent element pnocessors 3c In the form of 
lattice by means of the connection 7 between element processors for data communication, and data communication 
between mutually adjacent element processors 3c is held through tills connection 7 between element processors. 
20 Moreover, a network 4 is provided between aD the element processors 3c or peripheral element processors 3c and the 
host computer 1, to have communication of either convergence Judging flag or results of computation. 
[0220] Next, the fiftii embodiment of the present invention will be exptained by using Rg. 6. 
[0221] By three-dimensionally connecting twoKlimensional computing boards constituted wttii element processors 
3 anange on a two-dimensional plane indicated In the first embodiment, it Is possible to make extension to threa- 
ds dimensional computation. Fig. 6 Is a drawing showing the construction of element processois for performing three- 
dimensional computatton by tiire&<iimensionaliy connecting two-dimenstonal computing boards. 
[0222] Inthedrawlng, 1 is the host cornputer, 3 are three-dimensionally arrar^ed element processors, 5 are process- 
ing units provided in tiie dement processors 3, 6 are memories provided in the element processors 3 for storf ng Infor- 
mation, 4 is a network and 18 are two-dimensional computing boards constmcted by two-dimensfonalty connecting 
30 element processors 3. inthiscase, unlike the construction in pipeline inthedlrecQon of time base of the two-dimensional 
computing boards 18, ttie network 4 provided between the two-dlmenstonal computing boards 18 Is used for the com- 
munication of data for spatial integral calculus. Moreover, the state of connection in the form of ttiree-dimenslonai anay 
between element processors 3 can also be freely changed into lattice type topology, hypercube or pipeline, etc witti 
a change in the wiring of the n^work 4. 
96 [0223] While, In tiie above embodiment, explanation was given on a case of a near-neighbor mesh where tiie state 
of connection between element processors 3 Is arranged in the form of lattice, tiie same effects can also be obtained 
even with other connecting systems such as chordai ring, 3-cube, t)inary 4-cut>e, etc., fbr example. 
[0224] Next, the sixtii embodiment of the present invention will be explained by using drawings. 
[0225] Explanation will be given on the method of use of the information processing system 2 of the oonstmction 
40 Indteated In the embodiments given earlier. 

[0226] Rg. 1 and Rg. 6 indk:ate an Infonnation processing system of multi-processor construction for sending out 
initisl conditions and boundary conditions to respective element processors in the first embodiment of the present 
invention. 

[0227] The infornmtion processing system 2 is constructed in a way to perform operations by eitiier having, in ttie 
40 respeclh/e element processors 3b, a hardware circuit In which computing elements 14 are connected by means of data 
line 15 In the shape of a data flow graph 13, or operating the floating point computing element 10 according to the 
software written in the program memory 11 es shown In Fig. 3 and Rg. 4. If any initial conditions and boundary conditions 
of computation to element processors are input in tiie host computer 1 .the data memory 8 on afl the element processors 
3 la reset, the Initial conditions and boundary conditions of computation are assigned to tiie respective element proc^ 
so essors 3 through the network 4 and the connection 7 between element processors and, upon completion of ttite pro- 
cedure, the respective element processors 3 get into the state of standby for starting computation. 
[0228] Therefore, In the Information processing system 2, operetions to various boundary conditions and initial con- 
ditions can be realized with simple procedure of Inputting conditions in the host computer, by using one same multi- 
processor constmction. 

09 [0229] As example of use of the information processing system 2, explanation will given on nunnerlcal analysis of 
fluid based on the domain decomposition method. A fluid which is a continuum is generelly described with an equation 
of continui^ and an equatton of strong non-linearity which is called Navfer-Stokes equation. When solving the goveming 
equation of a field described wNh those partial dHTerenflai equations by the flnlte difterenoe mefliod, first tiie object 
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phenomenon end area are divided \nti> the smallest elements (lattloes) having a fine size in both space and time. On 
those lattices, a solution Is obtained by transfbnning the goveming equation expressed with partial diffisrenflal equations 
Into a descreUzed cBfferenoe equation and solving this difference equation. While, in the method of solution by finite 
dlffTerenoe method, the quantity of state OMflned by fine space elemenis are influenced only by the quantity of state 
owned by elements existing In the immediate neighbortiood, this effect is produced, In computation, by making oom- 
putatlon prooessing to the quantity of state owned by adjacent elements. Namely, it Is seen tfiat small elements which 
are separate in space from one anothw do not have any influence one upon another and can be calculated independ- 
ently by Just taidng the influences of adjacent small elemenis only into oonsideraflon. 

[0230] For example, consider solving an Incompressible fluid by Si lilPLE (Semi-i mplicit Method for Pressure-Unked 
Equations) method (method which consists In solving equation of motion under a hypothetical pressure and obtaining, 
Ibr the portion not satisfying continuity, a soiutk^n eventually satisfying the rule of continuity whiie comecting pressure 
andflowvelodtyas described in S.V. Patankar, Numerical Heat Transfer and Ruld Row(1880), McGRAW-HILLBOOK 
COIMPAMY, fbr example). 

[0231] Fig. 70 is a flow chart showing the calculation prcx^re conventionally used for making numerical analysis 
of fluid by SIMPLE method. In the drawing, 211 indicates a group of routiries fer soh^g Navler-Stokes equations of 
motion, 2 12 is a group of rxjutlnesfor solving the pressure-conection equation, 21 3 is a routine for performing correction 
of flow vetoclty and pressure, 214 Is a repetition cyde for non-linear convergence, and 215 represents a computatton 
cycle for advancing time. Namely, Ihe pnocedure of thermal hydraulic analysis by SiiMPLE method consists in solving 
discrete Navler-Stokes equation of motton with the group of routines 211, solving the flow velocity & pressure deter- 
mining equations one after another with the routine 21 3 and also repeating the computing cyde fbr time marching 215. 
[0232] In the method of parallel solutton using multi-prooessor which is frequentiy employed these days, the main- 
stneam Is the domain decomposition method which consists in dIvUing the entire computation space Into a plural 
number of areas, assigning the element processors to the respective areas and transmitfing data of the quantity of 
state of borders only betwen the element processors. 

[023Q A problem in this method is waiting for synchronization regarding the communication between element proc- 
esaors. In the cun^nt parallel processors for general use, in which data communication between element processore 
Is realized with a low-speed remote memory access by packet communication, etc., it Is necessary to have a technk|ue 
of using computation algorithms of coarse grain with least possible communication amount to the number of the element 
processors and avoid waiting fbr synchronization as much as possible. However, there is no way to avoid sudden 
increase of waiting for synchronbsation in the case where the element processors are constructed in super paralfei and, 
therefore, no paraiiei proportional to the number of processors can be expected. 

[0234] For that reason, a new SIMPLE method in which the lattice points Individually calculate the quantity of state 
will be indk»ted, with special attention to the feet that the solution obtained is sufTIdentiy accurate even If ihe equation 
of motion and the pressure-oonectfon equation ere solved by referring to the quantity of state of the acflaoent latUoe 
points only. 

[0235] Fig. 7 Is a flow chart showing the computation algorithm with which tiie lattice points #1, #2, ... #n in this 
embodiment calculate the quantity of state independently witiiout making any Intemjpt operation in the computatton 
ofotiier lattice points. 

[023Q] In the drawing, 2018 a group of routines for solvmg Navier-Stokes equation of motion, 21 is a group of routines 
for solving the pressure-conection equation, 22 is a routine for performing coirectton of flow velocity and pressure, 23 
is a repetition cyde for non-linear convergence, 24 is a computation cycle for time marching, and 25 is a group of 
routines of element processors assigned to the respective lattice pdnts #1, #2, ... #n. 

[0237] Here, a concrete algorithm will be indicated by taking numerical analysis of fluid of an incompressible two- 
dimensional layer current. When no temperature fieM is taken into account, a fluid is described with the following 3 
nondimensionai equations: 
[0236] Continuous equatton is given in Fomnula 1 . 




(1) 





(3) 
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[0239] Here, the respedive symbols represent following: 

u - velocity component in direction x; v = velocity component in direction y; p = pressure; Re = Reynolds number 
BI240] Formula 1 to Formula 3 can be expressed uniformly with Formula 4. In which ^ represents an optional variable, 
r is a diinjslon temrip and Su, Sp are generation terms and take the values given in Ikbie 1 below. 
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[0241] Fig. 8 Indicates a control volume necessary for differentiation of Formula 4. An optional variable ^ is placed 
at the center point P 27 of the control volume 26» the respective points of a<9aoent 0 are defined as E (East) 28, W 
(West) 29. N (North) 30, S (South) 31, and their center points (Intersections between the border of the control volume 
26 and the lattice line) are indicated with small letters (e, w, n, s). Because they are staggered grids, the scalar quantity 
is placed at the position of capita! letters and the vector quantity (velocity) Is placed at the position of small letters. If 
the Euler explicH method is applied to Formula 4 as scheme for difference of time to make digitizing considering the 
flow velocity coming into and going out of the control volume 26, Formula 4 changes Into Formula 5. 

- *p , ■ ^ (V»)n - (V»)a 
Ax Ay 

_ (rtf»/dx)^-(rd»/<fa)^ 

Ax 



35 



, (r</»/c»)„-(rrf»/c») 



(5) 



pi242] Supposing that ^ Is distributed linearly among lattices and that e, w, n, a are center points between P and E, 
P and W, P and N, P and S respectively, Fonnuia 6 to Fonmula 9 can be supposed. 



_ 1 
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1024^ Formula 10 is obtained by Integrating Fonnuia 5 over the control volume. 



63 



AxAy + (li^yt, - u^y^) ♦ (v„Ax^„ - v^,) 
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(r (r 

+ (S„+Sp(>p)AxAy (10) 

n [Q244] Here, definitions will be made as In Formula 11 and Formula 12 regarding convection tenn 

term D. In Itiose expresslone, the suffix letters Indicate the position of txvder face of the control volume 26. 
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T r 

D ' — Ay. D = — ^ Ay, 

r r 

D a — 2- Ax. P = — ^ Ax 



(11) 



(12) 



(0245] If the deflnHions of Formula 11 and Formula 12 are used. Formula 10 changes to Formula 13. 

30 

40 -0,Wp-*5)*(S„ + SpMAJcAy (13) 

[0246] If arrangement Is made regarding ^ by applying hyt>rid scheme as space dllference scheme to this Formula 
13. Fomnula 14 Is obtained. 
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c c 

= mto [-C., - 0], « max [C^ + 0] 



(14) 



where max {, J Is a ftihcHon Ibr selecting the maximum velue in the parentheses. 

[0247] As lime difference methods, various methods such as explicit method, Implicit method, semi-lmpllcft method, 
etc. However, by evalL»1ing ^ included In the right memt>er of Formula 1 3 with the value 4»p"'*^i of the subsequent time 
aiming at eventually acquiring a steady state solution as an aoceleralion method, the discretization equation of Fommjia 
20 15 can be obtained from Formula 14. 

2s whervF^^F^ * ^w* f=n* ^s^ ^PO 

G = (S„ + Spi^p) Ax Ay + (1 5) 

[024q Velocity and pressure which are unknowns of the discrrtizaUon equation led out by the SIMPLE method wilt 
^ be related to e^ other. First, the discretization equation of Formula 2 and Formula 3 of the equations of motion will 
be led out. The variable 4> is u, v and, if Formula 16 to Fomnula 1 9 are defined Ibr velocity component u, the discretization 
equation will become as Formula 20 and, if Formula 21 to Formula 24 are defined for velocity component v, the dis- 
cretizelion equation will become as Formula 25. 
[0248] Formula 16 indicates the ooefliclent of w-face regarding speed u. 



D^'B^xtaax {0, (1 - 0.5 x \^\)] 



[0250] Formula 17 indicates the coefficient of e-feca regarding velocity component u. 
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A = Ay„ X i 



- B. X xni* [0. (1 - 0.5 x (-Ij)] 



[0251] Formula 18 IncUcates the coellieieiit of s-facesregaidingvel^^ 

rs 



' ' 2 

2>, = B, X max [0, (1 - 0.5 x 



5, = TT^ 



p2Sq Formula 19 Indicates the ooefRcient of n-face legardlng velocit/ component u. 
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j>. - a. X ifflx p. (1 - oj X i-^Dj 



wfiere s + max ( A„„ 0) 
F, = Ps + inax(-i4s,0) 
F, = D,*max(A,.0) 

Fp = F^ + F^ + F,+ F„+a„ 
O = Ayp(P^-Pp) + «P0Hp (20) 

[025^ Fbrmula 21 Indicates the oodHcient of w-fece reganling velocity component u. 
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2 

£ a fL. 

D^'B^xmax [0, (1 - 0,5 x |^()] 



Formula 22 Indicates the coeffldent of e4laceregaidlngv8loci^ 



2 

5^ = — tZ- 

i?, - X max [0. (1 - 0.5 x (-^|)] 



[02SS] Formula 23 indicates the coefficient of e-lace regarding vetodty component 



B - 



Z), a 5, X max [0. (1 - 0.5 x 



[025q Fbrmula 24 Indicates Ihe coefficient of ri4Bcereganlno velocity oompomnt 



S. 



D^-B^xmax [0. (1 - 0.5 x j^^^l)] 
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Where F^^D^+ max {A^ 0) 
. F^ = 0^ + inax(-A^.O) 

F3 = D, + max(iA3,0) 

G = AXp (P, - Pp) + flp^vp (25) 



[0257] By solving Formula 20, an assumed flow velocity u* at point P can be determined. By solving Formuia 25, an 
f0 assumed flow velocity V* at point P can be detemilned. ^ using the assumed values u% v* obtained fliom Fbmnula 20 
and Fomiula 25 as well as Fp necessary for leading those equations, the coefficient of the pressune-cofnectlon equation 
to determine the pressurs conection v^ue p\ Fomiula 26 indicates the pressure-correction equation. The suffix letters 
e and n In the equation Indicate values transfened from the element processors on East side and North side respectively. 



Q = AypUp - A/pUpp e ♦ AXpVp - AXpV^, n 
F^^LypAVplFp^M 

F^:^AXp^piF^U) 

Fj^^AXpHXplFpMu) 
P' pFp = P' + P' * P' „F„ ♦ P' ♦ G (26) 

[Q25q The flow velocity and pressure are calculated with the ffomnulas of Formula 27 to Formuia 29 by using the 
pressure correction value p* transferred Arom the element processors on the \Afe8t side and the South side. 



Pp^Pp^P'p (27) 
40 tfp=UpAyp/Fp(ii)x(P'^.p» (26) 

Vp = v^^xp / Fp(v) X {P\ - P'p) (29) 

[0259] Various icinds of lattice points for computation are conceivable in which discrete points may be generally found 
inside the substance, neighboring the wall or at flow Inlet or outlet, etc. Preparing many kinds of computation programs 
(software) and computation circuits (hardware) maices the programming very troublesome. For that reason, the position 
information of the respective points is given in advance to the memory of the respective element processors as initial 
conditions In the form of internal point & external point bits and boundary conditions, so that one exactly same program 

^ may be executed for the computation Itself. 

[0260] The distinction between Internal point and external point of the computation area is also made by using bits, 
if the dIscretizBtion point is Inside the substance, H will be considered as an external point and, when the discretization 
point is In the fluid, It will be considered as an intemal point The Internal point & external point bits are defined for each 
of the variables u, v, p, and the intemal point will be given as 1 (on) while the external point will be given as 0 (df). For 

^ example. If the flag for u is put as bit(u), the following operation processing will be made before deciding the coefficient 
of the dlscreflzation equation of u: 
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Fp biKu)F^ + bit(u) 

F, - bmF^ F„ ^ bmF,. ... (30) 

G = + bit(u)u^ 

Mfhere bit(u) represents "not bit(uy\ 

[0261] As for boundary randittons. the boundary conditions of the Idndsglv^^ belowcanbesei Each of the variables 
Up V, p has a flag indicating use or not of wall function. However, the bits are set in the respective directions of w, e, s, 
n to Judge on wtilch face the waii exists. The operations of Fonnula 31 to Formula 33 are performed before deciding 
the coefficient of the discretization equation of u and v. 
[0202] Formula 31 Indicates the wall face conditions using wail function. 



- Uf{n)F^ + [6it(w) + bUifi) 

+ hm * bitinyix (31) 

- bit(w) F^ 

F, = ^ F, 
F^ « bmF, 
F^ « bitin) F^ 



where T represents shear (broe. 
[026^ Formula 32 Indicates the outlet boundaiy conditions of gradient 0. 



♦p, » W((w)i«w ♦ *K(e)i*. + * (32) 

where ^p1 represents variak)le having outlet t)oundaiy conditions of gradient 0. 
pi2im Formula 33 Indicates fixing of boundary values. 
JjSatSi Fixing of boundaiy values. 

+ M(s)3(2«jp,^-«,) 

+ mWtouM-^^ (33) 



Where 4ip3 represents variable having fimd boundary conditions and ^bauut represents a fixed boundary value. 
[P28q The vBrtable ^ can be described as In Fomiuia 34 by oomblnation of Formuta 32 and Fbmiula 33. 
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[0267] As for the nature of operations necessary for the respective computation odis, almost the same operation is 
5 made though under different boundary conditions, because of the characteristics of goveming equation of fluid. If only 
the boundary conditions ana mapped InitiaDy on the data memory by providing various Idnds of bit according to said 
setting of boundaiy conditions, one same program can be used regardless at which position of border, an internal point 
or an external point of computation space the computation cell may be. TTierefore, Just loading the program In which 
to describe a series of operations necessary for calculating the physicai value of one iattice point on the program 
10 memory of the element processors 3 will be enough. To perform computation by sweeping the computation lattices 
one after another using that one idnd of operation program, first the lattioe point number of the computation lattice (or 
base address on the data memory 8} is outlet on the circulating pipeline (84 In Fig. 21} inside the element processor 
3 as input tolcen. If the lattice point number which is the input token Is 2, for example, the computing element will start 
computation by having access to the memory area assigned to the second lattice point. Since there Is no limitation of 
15 order in the input of tdcens. It Is also possible to input lattice numbers at random, in addition to Just advancing the 
computer sequentialiy as 1, 2, 3 ... 

[0268] Rg. 9 is a drawing showing the data construction inside the data memory provided In the element processor. 
As shown in the drawing, the Inside of the data memory provided In the element processor is divided Into partitions 32 
In the same numt)er as the number of lattice points to be taken charge by one processor, and the data necessary for 
20 computation of one iattice point is mapped in the respective partitions. 

(02691 Fig. 10 and Fig. 11 are flow charts showirig the flow of the algoffthm which tws so far been described. In the 
drawings, 33 to 63 are the respective computing functions A to 1 Indicated respectively hereafter. 

(a) The element processor 3 has a function of determining the predict value u* by solving the equation of motion 
2S In the direction x. i n the drawing, 33 Is function A (u) of determining the coefllcient F^ of the equation of motion in 

the direction x in the computaflon for w-fiaoe of u, 34 Is ftinctton B (u) of determining the coefficient F^ of the equation 
of motton in the dlrectfon x in the computation for e-face of u, 35 Is lunctton C (u) of determining the coefficient 
of the equatton of motion In the direction x In the computation for s^face of u, 36 is function D (u) of detennining 
the coefficient Fp of the equation of motion in the direction x in the computation for n-faoe of u, 37 is function E (u) 
90 of determining the generation term G of the equation of motion in the direction x, and 43 Is function G (u) of 
determining the coefficient Fp of the equation of motion In the direction x and determining the predtot vetocfty 
componerrt, u* trom the respective coefficients and the generation temrt 

(b) The element processor 3 has a function of determining the predict value v* by solving the equation of motion 
In the direction y. in the drawing, 38 is function A (v) of determining the coefficient of the equation of motion In 

95 the direction y In the computetion for w-face of v, 39 is function B (v) of determining the coefficient F^ of the equation 

of motion in the direction y in the computation for e-face (rf v, 40 Is function C (v) of detennining the coefficient 
of the equation of motion In the directton y in tiie computation for s^face of v, 41 Is Itinction D (v) of determining 
the ooeffclent F^ of the equation of motton in the direction y In the computation for n-faoe of v, 42 Is function E (v) 
of determining the geneietion term G of the equation of motion In the diredfon y, and 44 is function G (v) of deter- 

40 mining the coefficient FpOf the equation of motion In the direction yanddeterminingthe predict velodtycomponent 
V* from the respective coeffidenrts and the generation term. 

(c) The element processor 3 has a function of determining the pressure conection value p\ In the drawing. 51 Is 
function F of determining the generation term G of the equation for p', 52 is function G (p) of determining p' by 
solving the equation for p* on tfie basis of the generation tenn obtained with the coefficient of equation of motion 

45 andF. 

(d) The element processor 3 has a fonction of coTecting flow velocity and pressure. In the drawing, 55 Is function 
H of detennining u, v, p on the basis of p'. 

(e) The element processor 3 has a function of setting boundary conditions, in the drawing, 45, 46. 57 to 59 are 
ftmcHons I of selHng boundary conditions based on bit data given in Initial values. 

50 (f) The element processor 3 has a ftjnction of transferring boundaiy conditions set. In the drawing, 47, 48, 53, 60 
to 62 are functions of transferring the boundary conditions sd respectively In the previous processes to the adjacent 
element processors 3. 

(g) The element processor 3 has a function of Judging convergence or not. In the drawing, 48, 50, 54, 63 are 
functions of Judging convergence or not 

as 

[0270] By connecting those foncUons according to the flow chart indicated In Fig. 11 , the computation code for one 
lattice point is completed. 

[0271] Next, the algorithm Ibr computing one lattice point Is mapped on the program memory 11 of the element 
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processor 3. The mapped progrBm starts by using as input token the lattice point number information tag sent from 
the host computer 1 through the network 4 and the connection 7 between element processors. In the case where a 
plural number of lattice points are mapped on one element processor 3, the data transfened between the element 
processors 3 through the oonnection 7 between element processors is an InTormatfon held by the lattice point positioned 

9 at the outermost part of the respective divided areas constituted with a plural number of lattice points. For that reason, 
by directly having access to the data memory on the adjacent element processors 3 through the connection 7 between 
element processors provided between the element processors 3, it becomes possible to perform data transfer b^ween 
processors and make rapid analysis by asynchronous control by elirrtnating data transfer overhead between latttoe 
points. 

10 [0272] Moreover, it is also possible to map one lattice point on one element processor, use at least the rame number 
of element processors 3 as the number of computed lattice points, arrange a muitiport memory to be described later 
between the element processors 3, construct a super parallel system connecting them with the connectkm 7 between 
element processors and obtain convergent solulten try performing ^change of data without mutually disturbing the 
processing of the element processors 3 while keeping data communication asynchronously between mutually acyacenrt 

19 element pnocessors 3. 

[027q Furthermore, synchronous analysis between element processors 3 also becomes possible by mapping a 
plural number of latUoe points on one element processor and adoptlr^ synchronous communication system between 
element processors, in this case also, sharp Improvement In the processing speed Is possible compared with the 
method synchronous solution using convention^ processors for general use, because the processing unit 5 inside the 

20 element processors 3 has a special purpose of high-speed operation suitable for solving partial differential equations. 
[0274] Although explanation was given. In the above embodiment, about a case where the algorithm for computing 
one lattice point is mapped on the program memory 11 of the element processor 3, the same efftets can also be 
obtained even If the computing element 14 is connected with the data line 16 to form a hardware circuit in the shape 
of data flowgrBph13,8sa matter of course. 

25 [0275] In addition, efFlcient parallel processing of the oommunteatkm between mutually adjacent element processors 
3 is possible when It is a message communicalion of sendbig messages to a suitable process by means of address 
symbols of message when sending message (data) from a certain process to another and that a plural number of 
different (may also be same) commands are executed in parallel on a plural numK}er of data. 
[0276] fJext, explanation will be given on the sevwth embodiment of the present frivention. 

30 [0277] As method of approximation of time differential, there are Euler explicit method, Euler implicit method, second- 
order Crank-Nicholson scheme, thind-order Richardson scheme, etc. becauseof differences In Ihetlme steps of quantity 
of state to be referred to. in the Ihlrd-order fWiardson scheme, for example, when the current time Is given as n, the 
quantity of state necessary for obtaining the value of next time n+l is determined by the values of time n-1 and n. In 
the method using a conventional Neumann^s computer, there was a limitation to the scale of computation due to short- 

05 age of memory capacity, because It was necessary to store the values of time n-1 and n massively on the common 
memory. 

[0278] Even such problem of shortage of memory can be easily solved with the use of a plural number of two- 
dimensional computing boards constituted by element processors arranged on two-dimensional plane Indicated in the 
first emtMxIiment. Fig. 12 is a drawing showing the construction of an Infonnatlon processing system for approximation 
^ of time differential on two-dlmenslondl space, in the drawing, 65 to 67 are IwoKlimenstonal computing boards consti- 
tuted respectively by two-dlmenslonaily connecting element processors 3, 65 » a two-dlmenstonal computing board 
taking charge of computation of the value corresponding to time n-1 , 66 is a two-dlmenstonal computing board taking 
charge of computatron of the value corresponding to time n and 67 is a two-dimensional computing board taking charge 
of computation of the value conesponding to time n+1. Moreover, 4 Is a network for exchanging information by con- 
46 necting the respective two-dimenstonal computing boards In a pipeline and also connecting them to the host computer 1 . 
[0279] In the case of f^chardson scheme, Ibr example, the values of time n-1 and n necessary for obtaining the 
value of time n+l is transfemed from the data memory of the respective element processors 3 on the two-dimensional 
computing t}oard 65 for time n-1 and the two-dimensional computing board 66 for time n to the respective element 
processors 3 on the two-dimenslonai compuUr^ board 67 for time n+l through the network 4. When the computation 
60 is over, the results of computation are automatically stored in the data memory on the respecthm element processors 
3 on the two-dimensional computing board 67. To calculate the value of n+2 in succession, reset the data memory on 
the respective element processors 3 on the two-dimensional computing board for time n-1 where the value of time n- 
1 is stored, newly transfer the values of time n and n+l respective as value of time n+2 from the two-dimensional 
computing board 66 for time n and the two-dimensional computing board 67 Ibr time n+1 to the two^lmensional com- 
as puting board 65 for time n-1 through the network 4 for computation and store the result as value of time n+2 In the data 
memory on the respective element processors 3. 

[0280] As explained above, according to the infformatk^n processing system of the third embodiment, the problem of 
shortage of memory is soh^ and the operations become speedier. 
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10281] This construction in pipeGne in tire direction of time base also contributes to Increase of speed In thejudgement 
of oonvergence of two-dimensional analytical solution, in the solution of diflisrentlal equations. In which thejudgement 
of convergence is made when the difTerence between the calculated value at the current time n and the calculated 
value at the previous time n-1 has become no larger than a certain standard range, the constnjction in pipeline In the 
direction of time base makes it possible to Judge convergence with a simple action of comparing the value between 
mutually adjacent two-dimensional computing boards. 

[0282] Next, explanation will be given on the eighth embodiment of the present invention. 

[0283] While the main object of application of the present Invention is solution of differential equations, this kind of 

problem is computed by repeating mutual actk)n8 Kietween mutually adjacent latttee points and the computatton is 

10 completed with convergence of ail lattice points in a steady state. Namely, hardy any exchange of data Is made between 
lattice points which are not adjacent to each other and exchange of data must be made only between mutually adjacent 
lattice points. Moreover, as a general practice, efler the object system is divided into lattice points, the computation 
regarding one or a plural number of mutually adjacent latttee points is taken charge by one eiemerrt processor 3 and 
the computation regarding lattice points adjacent to those lattice points is also taken chaige by the adjacent element 

16 processors. 

[0284] By paying attention to such charecteristics of the object prot)lem, it can be understood that the efficiency of 
computation sharply improves and the desired operations can be completed in a short time if mutually adjacent element 
processor 3 are constructed in a way to share one same memory and to directly have access mutually to the memoiy 
of the other processor. 

20 [0283 Rg. 13 Indicates a part of multi-precessor in which element processor 3 are connected by the connection 7 
between element processors and arranged In the shape of square lattices. Moreover, Fig. 14 Is a drawing showing the 
Internal construction of one piece of element processor Indicated in Rg. 13. in the drawing, the prxxressing unit 5 Is 
connected with the data memory 8 incorporated In the same processor and can have access to this data memory 8. 
Furthermore, this processing unit 5 is connected with adjacent element processore through input/output control circuit 

2$ (hereinafter referred to as "l/CT) 71 . 

[0286] By being connected with the adjacent element processor 3d through the i/0 71, It becomes possit)le (for the 
processing unit 6) to directly have access to the date memoiy 8 in the adjacent element processor 3d as if it were a 
memory in one same element processor. Conversely, the adjacent element processor 3d can also have access to the 
illustrated date memory 8 In the same way. 

30 [0287] To mutually have access to the memory between mutuaiiy adjacent element prooessore, the I/O 71 in the 
drawing must discharge the (iindion of arbitration against the demand of memory access from the adjacent element 
processor for the date bus 73 between the processing unit 5 and the date memory 6. However, explanation on this 
point will be omitted here, because arbitration for date bus is a known technology which Is alrrady used in general 
prooessore and realized with the use of VME bus, for example. 

39 [0288] As explained above, in the element processor, the processing unit 5 Is connected with the date memory 8 
Incorporated In one same processor so ttiat the processing unit 5 may have access to the data memory and it also is 
connected with the adjacent element processor 3d through I/O 71. This makes it possible to reduce the overhead for 
data oonvnunication between element processors 3d and In^rove the efficiency of computation. 

[0289] While a general case was explained in the explanation of the oonstoiction of element processors given above, 

40 just refen'ing to the date (namely reading) of adjacent lattice polnte Is enough and no renewal (namely writing) is 
required as far as solution of differential equations Is concemed. it is apparent that, If the operation is Dmited to referring 
only, there is no risk of collision between requeste for renewal to one same memory address and therefore the ert)ltration 
of date bus for memory access can be simplified. 

[0290] htowever, it is expected that a plural numt>er of requeste for reference to one same memory may occur at a 
45 fairly high frequency. In that case, there is a fear that accumulation of processing may be produced eventually requiring 
a longer computation time with the memory of a single board. To avoid such problem, It will be all right If a mult^port 
memory is adopted to enabte dmuttaneous processing of reference to a plural number of memories. 
PI291] Expianatton will be given on the ninth embodiment of the present invention wsAboe^ for that purpose. 
[0292] Rg. 16 Indicates a case where the memory Is shared with 8 adjacent etement processors, in the drawir^, 3 
so is an element processor and 7 is a network. 

[0299] Fig. 1 6 Indicates the internal construction of one element processor, and the data memory 8 has 7 ports. The 
data memory 8 is connected with 6 1/0 71 through data bus 75 and is also connected with the processing unit 5. By 
having such constnjction, n becomes possible to simultaneously handte requests for reference to memory from the 
element processor concemed and 6 adjacent element processors. 
05 [0294] if the operation Is reference only, It can be realized with a comparatively simple control circuit, hiowever, in 
the case where the infomiation processing system Is for general purposes, there ere cases where (the processing unit) 
Is requested to also have a function of writing in the memory of adjacent element prooessore 3e. By having this kind 
of constnjction, It becomes possible to also write one same data in the date memory 8 of adjacent eiemsnt processors 
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3e simuttanaously with writing in the data memory 8 of the element processor 3e conoemad, thus greatly contributing 
to the shortening of computation time In the processing involving collision of refsrenoes 1o one same memory address. 
[0295] Still more, It Is not always necessary to have the memory unit to be shared Inside the element processors. 
Therefore, explanation wID be given on the drawing of the tenth embodiment of the present invention realized with 
some modiflcation to this memory unit 

[029Q] Fig. 1 7 Indicates the construction of an intbmiatlon processing system In which the commonly shared memory 
unit Is ananged outside the element processor. Moreover, Fig. 18 indicates the construction of an the element processor 
constituting the information processing system indicated in Fig. 17 and the relation of connection with the memory unit, 
in the drawing, 76 is a memory provided outside the element processor 3f, 5 is a processing unit connected with the 
ID external memory 76 by means of I/O 71, 8 is a date memory provided inside the etement processor 3f end directly 
connected with the processing unit 5 and is connected with the processing unit inside the element processor 3 through 
I/O 71. Namely, as shown In Fig. 17, the memory 76 is arranged on the date route between element processors. By 
arranging this way, It becomes possible to directly refer to and renew four memories 76 shared with adjacent element 
processors through I/O 71. 

15 [0297] The method indicated hereafter is available as example of a method ter exchanging data betvwen mutually 
adjacent element processors 3f through said memory 76. 

[0296] lamely, exchange of data between element processors 3f is completed by stipulating In advance the address 
or scope of address for writing by respective element processors 3f, writing data In the predetermined address area 
of the memo7 76 and reading out that address area with the element processor 3f on the data receiving side. 

20 [0299] InFlg. 17, the symbol "P" described inside the memory 76 Incflcatesthesoopeofaddressfbrwritingbyeiemenft 
processor 3. while the symbols "S", "N", "P, "W" Indicate the scope of address for writing by element processors 3f. 
[0300] White explanation was given on an exampte Including data memory 6 in the element processors 3f In this 
embodiment, It is app^ent that the same effects can be otitained even by element processors having no date memory 
8 If the data to be stored in the data memory 8 is stored In the memory 76 connected te the element processor. 

25 [0301] in the above explanation, it was given on a case where singleiMrt memory Is used as memory 78. However, 
by using multi-port memory also In the case of memories arranged on the date route, It becomes possible to shorten 
the computation lime in the same way as the case of Incorporating the data memory 8 In the element processors 3f 
explained in Rg. 16. 

[030^ However, even when multi-port memory is adopted, the processing is internjpted leading to increase of com- 
30 putation time in case of collision of requeste for renewal for one same memory address. To avoid such problem K is 
effective to introduce a buffer mechantem for temporarily storing requests for reference to/ren^val of memory. Rg. 19 
Indicates a multi-port memory introducing a buffer memory for that purpose and shows only the portion corresponding 
to the memory 76 in the tnfbmiatfon processing system of Rg. 17. 

[030Q In the drawing, 76a is a muKiport memory with buffer mechanism, 79 is a 2-port memory and 80 is a bufter 
3S mechanism. The buffer mechanism 8 can temporarily store the data received from the 2-port memory 79 through the 
connection 7 t>etween element processors or the data to be written In the 2-port memory 79. 
[0304] As explained above, becausea buffer mechanism 80 Is provided In each portof the 2-port memory 79 arranged 
between mutually atgaoent element processors 3f, there is no fear of interruption of processing even in case of oollision 
of requestefor renewal for one same memory address. Ariy increase in computation time resulting from such intenuption 
40 of processing can also l>e avoided. 

[0305] In the multlport memory indicated in Rg. 19, explanation was given on a case wtiere the buffer mechanism 
80 is provided in each port of the 2-port memoiy 79. However, it Is apparent that the bufter mechanism may also t>e 
provided for the respective ports of the multlport (memory) and that it is also effective te have one buflier for a plural 
number of or ail ports. 

46 [0306] i^xt, explanation will be given on the eieverrth embodiment of the present invention. By providing a buffer 
memory for retaining communication data for each of the element processors, any disturt)ance to operations of the 
respective element processors due to date communication t}etween element processors can be prevented. 
[0307] Rg. 20 Is a block diagram showing the construction of en element processor having a buffer memoiy for 
retaining communication data. In the drawing, 5 Is a processing unit provided In the element processor 3g, 7 is a data 

so bus connecting between element processor 3g, 62 is a buffer memory provided in the element processor 3g and 
connected to the data bus 7 between element processors and the processing unit 5, end 8 Is a data memory provided 
in the element processor 3 and connected to the processing unit 5. 

P30B] The respective element processors 3g write the data sent fhom the adjacent element processor 3g through 
the data bus 7 between element processors in the buffer memory 62 as data with object name, and search the data 
S3 with object at optional timing from this buffer memory to complete reception of data from the adjacent element processor 
3g- According to an information prooesslng system formed with element processors having ftiQ construction indicated 
in Fig. 20, faster prooesslng becomes possible without disturbing the operations of the processing unit 5 Inside the 
respecthre element processors 3g or floating point arithmetic element, fbr example, with data communication between 
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mutually edjaoent elemeni processore. 

[0309] Next, explanation will be given on the twelfth embodiment of the present invention. Fig. 21 is e block diagram 
showing an example of the construction of element processor of the Monnation processing system acoording to this 
twelfth embodiment 

p)31 0] In the drawing, 3h (s an element processor, 1 0 Is a floating point arithmetic element provided Inside the element 
processor 3h, 83 Is a matching memory (data pool) provided inside the el^ent processor 3h, 111s a program memory 
provided Inside the element processor 3h. 8 Is a data memory provided inside the element processor 3h, 84 is a pipeline 
for exchanging information by connecting the floating point arithmetic element 10, the data memory 8, the program 
memory 11 and the data memory 8, and 7 is a connection between element processors for exchanging infbnnatton by 
connecting between element praoessors. 

[0311] There are a wide variety of data to be exchanged by communication between mutually acQaoent element 
processors 3h. In this embodiment, the respective data are given object names enabling discrimination In advance of 
the idnd of prxxessing to be made next. A data with object name Is Input in the fomn of a data packet on the pipeline 
64 provided with the matching memory (data pool) 83, circulates and is sent out to the matching memory (data pool) 
83 inside the adjacent dement processor 3h through the connectbn 7 between element processors. Tlie floating point 
arithmetic element 10 searches Inside the matching memory 83 at optional timing end starts operations as soon as 
any data with object name necessary for performing an optional processing is ready. 

[0312] At that time, it Is necessary to secure a sufficient storage capacity for the matching memory 83 because the 
programs solving partial diHierentlai equattons tends to have laige degrees of parallel processing. 
RI313] The above explanatk)n Involved a case In which the processing unltoftheeiementprocessor3hi8Gon8tmcted 
with a floating point arithmetic element 10 In the above description. However the same effects can be obtained even 
with a design in which the arithmetic-logic elements 14 are connected with data line 15 to Ibnn a circuit in the shape 
ofdata flow graph 3 in hardware indicated in Rg . 2. Another attematlon Is a conatmctton in which the portions frequently 
appearing during an operation are formed into a circuit in hardware inside a functional module 12 es shown in Rg. 4 
while olherportionsare operated with theflkmfing pdniarlthrnelte element lOacOT 
memory 11. 

[0314] As described above, by automatically synchronizing diff^ent data. It becomes possible to make processing 
rapidly with little communlcalton overhead. 

[031 5\ Next, explenation will be given on the thirteenth embodiment of the present invention. 
[9318] As mentioned earlier. In the solution of hJavier-Stdres equations by SIMPLE method, operatkro of cumula- 
tively adding the respective results of muttipilcatlon of flrBt friput by second Input, third Input by fburth input, fiflh bnput 
by sbdh input and seventh Input by eighth input frequently appear, and increase of speed of this processing is one of 
the Ireys to shortening of thecomputatkm time. Rg. 5 is allow graph schematically exprmstng the operaiton of Formula 
35. 

x = axb + cxd + exf + gxh (35) 

[0317] Rg. 22 shows a hardware constoiction realized for integration ofthis processing. In the drawing, 85 are mui- 
tlpiieiB which execute multiplication of two data Input from the input terminal and output at the output tennlnai. 88, 87 
are addere which execute addition of two data input from the Input terminal and output at tiie output terminal. TTie 
output terminai of the multiplier 85 and the Input terminal of the adder 86 are connected to each other by means of 
data wire 88. {Moreover, the output terminai of adder 86 and input terminal of adder 87 are connected to each other by 
means of data wire 89. By connecting adders and multipliers In the above constmction. It becomes possible to execute 
the operations Indicated in Rg. 5 and output the results at tiie output terminai of the adder 87 against the data Input 
at the respective Input terminals of the muitipilere. 

Pl3iq in this way, element processore having 80S»lied macro-functional bioclcs realized by connecting computing 
elementa by means ofdata wire greatty contribute to tiie increase of speed In the solution of differential equations such 
as Navler-Stokes equations, etc. 

[031 91 Next, explanation will be given on the fourteenth embodiment of the present Invention . 
PI320] Rg. 23 is a biodc diagram showing the construction of a communication circuit for realizing asynchronous 
and repetitive data communication between mutually adjacent element processore for the respective element proces- 
sore. 

[0321] In the drawing, 31 is an element processor, 5 is a processing unit for performing operations provided in the 
element processor 31, 8 Is a data memory for storing the data necessary for the processing of the processing unit 
provided in the element processor 31, and 90 a data bus for ex^nging the information described in the data memoiy 
8 of the element processor 3 between mutually adjacent element processors 31. 

[032^ Next, explanation wOl be given on actions, if, in the processing by the processing unit 6, any Infomratlon of 
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adjacent elOTient processor 3i is required, that adjacent element processor 31 performs memory access actions of 
referring to liie necessary Information described In the data memory 8 of the counterpart utteriy asynchronously and 
repeatedly with the acflacenl element prooessor 31. The operation performed by the respective element processors 31 
In the solution of partial differential equations Is local because it depends not on the Information held by remote element 
8 processors 3i but only on the Intonnation held by the adjacent element processor 31 . Therefore, communication between 
mutually adjacent element poTcessors 3i shall preferably be maintained utteriy asynchronously and repeatedly through 
the data bus 90. without disturbing the processing of the processing unit 5. 

[0323] With a constmctlon realized in a way to allow utteriy asynchronous and repeated memory access between 
mutually adjacent element processors 31 without dlsturt)Ing the processing of acflacent element processors 31, the 

fo communication between mutually adjacent element processors 3i are held utterly asynchronously and repeatedly 
through the data bus 90, without disturbing the processing of the processing unit 5. This malces it possible to continue 
the operations performed on the respective element processors 31 in an utteriy asynchronous way. 
[0324] While the prxx»s8lng unit 5 and the data memory 8 have data communication between the respective element 
processors 31 by using a data bus 90 capable of refening to the memory without disturbing the action of the counterpart 

16 in this embodiment, the data communication system between element processors becomes synchronous when there 
Is any need of synchronous operation for Interrupting the action of the processing unit 5 In the adjacent element proc- 
essor 3i to have access to the data memory 8 and this Increases the communication overhead but does not put any 
obstacle to the obtentlon of analytical solution. 

[0325] Next, explanation will be given on element processor for otstainlng an output easy for anan^ng and sorting 
20 of data even with asynchronous absorption of data, aoconding to the fifteenth embodiment of the prssent invention. 
[0326] Hg. 24 is a btodc diagram showing the constnictton of an element processor for obtaining en output easy for 
arrar^lng and sorting of data even with asynchronous absorption of data, realized fay attaching an identifier for each 
quantity of state inside the memory. 

[0327] In the drawing, 3i is an element processor, 70 is a processing unit for performing operstions provided In the 
28 element processor 31, 8 Is a date memory for storing the computation dato including output data and provided in the 
element processor 31, 90 Is a data bus connecfing element processors, 91 Is an I/O unit for sending out data to outside 
the element processor 31 by attaching identifier depending on the kind of quantity of state to be output and provided 
in the element processor 31, and 92 is an output data bus for transferring the data output through the I/O unit 91 to the 
host computer. 

30 [9328] Next, explanation will be given on adtons. The results of computation obtoined with a series of processings 
of the processing unit 70 are constmcted with a plural number of Idnds of quantity of state and yet the sampDng time 
interval of the output data Is very much ^ortened because high-speed operation is Intended. For that reason, the 
output data is given, at Its head or toil, an identifier which enables identification of the quantity of stato. The output dato 
Is continuously output to outside ite own element prooessor 31 asynchronously and In a large volume In the fomi of 

56 paclcet communication in vrtiich a plural number of physical values are can-led in a mixed way, and sent out to the host 
computer through the I/O unit 91 to be submitted to post-processing. At that time, because an output date bus 92 is 
provided tor each of the element processors 31, the data output through the I/O unit 91 is output asynchronously without 
distuibing the output of the adjacent element processors 3i, end transfened to the host computer. Moreover, because 
the output data is provided with an identifierenablingjudgementof that quantify of stato, the host computer can perform 

40 poat-proces^ng by discriminating the data fbr ananging and sorting even If output data consisting of a plural number 
of physical values In the form of padcet Is sent In a mixed way. 

[032^ Theroforo, according to this embodiment, intormedlata results of trangent calcutation can be output without 

distort>ing the operation of the adjacent element processors 3i. thus achieving high-speed operation. 

[0330] The following output method of synchronous type is also possible as a matter of course: The host computer 

4$ sends an output command to the respective element processors 31 through the output dato bus 92, and the element^ 
processors 31 execute the reference function of the dato memory provided Inside the I/O unit 91 according to the 
command received, absort) the output data of the required quantity of state in the order described in the command and 
prepare a sequence of output data. Tlie sequence of output data generated In the i/O unit are sent out through the 
dato bus 92. Therefore, It becomes possible to mata output at opttonai time by adjusting the timing of sending output 

so commands from the host computer to the respective element prc^essors 31. 

[0331] Next, explanation will be given on the sixteenth embodiment of the present invention. 
[0332Q Fig. 25 is a construction drawing of the entire computer system for collecting asynchronously output data from 
the respective element processors and visualizing them in real time, according to the sixteenth embodiment of the 
present Invention. 

65 [0333] In the drawing, 3J is an elment processor perfbnning operations, 93 Is an 1/0 unit for output fbr converting 
dato when oulputting the resulta of operation to outside and provided in the element processor 3J, 94 is en output dato 
bus for transferring the data output through the i/O unit 93 for output on the respective element processors, 95 is a 
data output control unit Itor converting the paraltel dato In at least equal number witii that of the element processors 3| 



38 



EP 069600181 



transferred from the respective element processors 3j through the output data bus d4 Into serial data, 96 is a serial 
data bus for transferring the data converted Into serial data through the data output control unit, 97 is a posti>rDcessing 
unit for sorting the data sent through the serial data bus 96 by type and performing post-processings such as Inversion 
of scale, double scaling, averaging, conBction of colour tone. Indication of contour, contour processing, fringe treatment, 
s vector Indication, etc., 98 is an Image output data bus tor transferrfng image data prepared by the post-processing unit 
97, and 99 is a display for indicating the Image data transferred through the image output data bus 98. 
[0334] Next, explanation will ba given on actions. 

[033q The output data bus 94 is direatiy connected with the element processor 3j, and the external output data of 
the respective element processors 3j Is output asynchronously through the I/O unit for output 93. The output data Is a 

10 sequence of data containing a plural number of physical values, at the point in time when it is output from the element 
processors 3J. Moreover, at the time of output, the data oonstrudton Is rr«de in the form of packet kiy attaching identifler 
showing the element processor number to either the head or the tali of the data sequence to make clear from which 
element processor 3| the data is output. The data sequence Is collected to the data output control unit 95 through the 
output data bus 94 and converted into one serial data from parallel data In a number at least equal to that of the element 

IS processors. Moreover, the data sent to the post-processing unit 97 through the serial data bus 96 are assigned ac- 
cording to the Wentmers of element processor number and also split and arranged according to the identifiers of quantity 
of state. TTie arranged cteta Is submitted to post-processings for visualization such as contour processing, fringe treat- 
ment, vector Indication, etc. and turned into visual images on the display 99 through the Image output data bus 96. 
Therefore, according to this embodiment, Intermediate results of trangent calculation can be output without disturbing 

20' the operation of the element processors % thus achieving high-speed operation. 

[03301 It Is also possible, natuialy, to output the data output asynchronously from the VO unit for output through the 
post-processing unit 97 and fhseiy control the time intervals of visuaDzatton by setting the aampDng time inside the 
post-proces^ng unit 97. 

[0337] If the output data bus 94 Is connected to the data output control unit 95 from the respective element processors 
26 3 as shown in Fig. 25. the wiring becomes a complicated one and this presents a risk of making minialurizatfon of 
equipment difRcult or frequently producing manufacturing troubles. 

[0336] Explanation will be given on the seventeenth embodiment realized for the purpose of solving that problem 
based on drawings. Fig. 26 is a constmction drawing of an entire computer system for solving the said problem by 
minimizing the output data bus 94. The output <fota bus 94 is a single data bus connecting ail the element processors 
30 3j and the dato output control unit 95. Moreover, 100 Is the host computer and 1 01 is a network connecting the host 
computer and 100 and tiie output data bus 94. Ottiers are tiie same as those in Rg. 25. 
[0339] Next, explanation will be jgiven on the actions. 

[034<Q The output data is a sequence of data containing a plural number of physical values. TTie host computer 
controls the timing of sending the output data from the respective element processors 3] to the output data bus 94. 

35 TTie respective element processors 3J send out output data to the output data bus through the I/O unit for output 93. 
At that time, the data constoiction is made in the form of packet by attaching Identifier showing tiie element processor 
number to eittier tiie head or the tali of the data sequence to make dear from which element processor 3J the data is 
output The data output control unit 95 rearranges the data coming in through the output data bus 94 according to the 
identifier of element processor number and convert them into one serial data. Moreover, the data sent to the posl- 

40 processing inilt 97 ttirough tiie serial data bus 98 are classffled and arranged according to the identifiers of quantity of 
state. TTie arranged data is submitted to post-processings for visualization such as contour processing, fringe treatment, 
vector indicatton, eta and tomed into visual Images on the display 99 through the Image output data bus 96. Therefore, 
with the construction of minimum output data bus, intermediate results of trangent calculation can be output without 
disturbing the operation of the element processors 3j, tiius achieving high-speed operation. 

45 [0341] Next, explanation will be given on tiie eighteentii embodiment of the present Invention. In conventional parallel 
computers, which are mainly intended for high-speed computation, a problem was tiiat Increase of computing speed 
does not necessarily lead to increase of speed of the entire operations because, when either indicating the results of 
Gomputatton of statiormry computation or indicating the resulta of computation at every moment of trangent caicuiation, 
it Is necessary to suspend the operation of all element processors or keep other element processors on standby by 

60 suspending their operations until the results of all Uie element processors are available. 

[0342] Fig. 27 is a construction drawing of an element processor indicating an example for increase of speed of 
entire computation by parallel indication of results of computation, and Rg. 26 is a general construction drawing of a 
multi-processor composed of element processors Indicated In Fig. 27. 

[0343] In the drawings, 38 is an element prcx»ssor, 70 is a processing unit for performing computation provided In 
09 the element processor 3s, 6 is a memory unit for storing the computation information necessary for the computation 
of the processing unit 70 end provided In the element processor 3s, 107 is an output information process&ng unit for 
receiving the computation information stored in tiie memory unit 6 wHhout suspending the computation of the processing 
unit 70 and keeping that mfonnatton as It is If one computation lattice point Is assigned to one etement processor but. 
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in case a plural number of lattice points are woven in one element processor, processing the Infbmiation of those lattice 
points. 104 is a computation infbmiation bus In Dne direction for exchanging data necessary for the operations between 
the memoiy units 6 Inside the element processor 3s in the One direction, 105 Is a computation infbmiation bus iri 
direction of sequence Ibr exchanging data necessary Ibr the operations between the memory unit 8 Ihslde the etemsnt 

ff processor 3s In the direction of sequence, 106 is an Internal computation Information buslbrexchanglng data necessary 
for the operations between the processing unit 70 and the memory units 8 or data of results of computation, 108 is an 
output processing information bus for transmitting the computation Information stored in the memory units 70 to the 
output Information processing unit 107, 110 are display elements such as elements fbr converting computation Infbr^ 
malion Into transmissivity of light like liquid crystal display element or using Ker effect of changing magnetic strain into 

to reflection of l^ht, colour liquid crystal display element for conversion into change of colour, etc., 111 are lamps for 
emitting iiglit from the t>ack skte of the display element 110 If they are of light transmission type and from the surface 
side of the display elements 110 in the case of light reflection type, 1 12 ere reflectors for turning the light of the lamps 
111 into parallel light, and 113 Is an output processing Information bus Ibr transmitting output processing Infbnnation 
ftiom the output Infbnnation processing unit 107 of the respective element processors 3s to the display elements 110. 

t0 [0344] The memory unit 8 of the respective element processors 3s stores the computation information necessary 
for the computation of the processing unit 70 and exchange data necessary for operations (input <teta) or data of results 
of computation (output data) b^ween the processing unit 6 and the memory unit 6. Therefore, until the time when the 
computation converges or for displaying the change in the results of computation at every moment of trangent calcu- 
lation, there is no choice but disturb the entire computation by either stopping the computatk)n of the processing unit 

20 7010 have access to the memory unit 8 or by remaining on standby until ^e computation of all the element processors 
3s converges to display the results of ooroputatlon after convergence, in this embodiment, an output Information 
prooessir^ unit 107 connected asynchronously with the memory unit 8 (can receive the computation Information sent 
out by the memory unit 8 without matching with the memory unit nor disturbing the comnnunication between the memory 
unit 8 and the element processors 3s) Is provided insUe the element processors 3s, «> as to keep the computation 

20 Information sent out by the memory unit 8 as It Is if one computetion lattice point Is assigned to one element processor 
but, in case a plural number of lattice points are woven in one element processor, process the infbrmatk}n of those 
lattk» points, and also convert digital data into anatog data through a digltal^anatog conversion circuit held as internal 
constructh)n to send it out to the display elements through the output processing information bus 113. The display 
elements 110 convert computation information into transmissivity of light like liquid crystal display element, change 

30 magnetic strain into transmissivity of light (element using Ken- effect), or convert into change of colour of transmitted 
light (colour liquM crystal cflsplay element), etc. At that time, the display elements 110 can visually display the output 
processing infiormatton without disturbing the action of the output Information procesdng unit 107 because light Is 
inradiated from the t>ack side if they are of light tran^nissk)n type and from the surges side of the display elemenis 
110 in the case of light reflection type by the lamps 111 converted Into parallel light by the raflectora 112. 

3B [0345] In this way, this constmction makes it possible to visibly observe the Intermediate progress of computation 
or final results of computation and utilize them for the piffpoee of control without disturbing the high-speed processing 
of the computatton. 

[0348] Next, explanation will be given on the nineteenth embodiment of the present Invention. 
[0347] If the output processing Infonnation bus 113 is wired individually to the display elements 110 from the respeo- 
40 tlva element processors Ss as shown in Rg. 2B, the volume of wiring becomes enonnous making It impossible to secure 
a large distance between the computer system and the display unit Fig. 29 Is a oonstmctton drawing of an entire 
computer system for solving the said prol^iem by having a single serial bus between the computer system and the 
display unit. 

[0348] In the drawing, 1 is the host computer, 114 is a data output control unit for converting the output data sent at 
4$ random into serial data by changing their order, 113 Is an output processing Inffbrma1fc)n bus connecting all the element 
prooessore 3s and the data output control unit 114, 117 Is a network conn^ing the host computer 1 artd the output 
processlr^ Information bus 11 3, 118 Is a display data control unit for decomposing the serial data and assigning them 
as display data to the respective display elements 110, 115 Is a serial <feta bus connecting the data output control unit 
114 and the display data control unit 116, and 118 are display data buses connecting the display data control unit 116 
so and the respective display elements 110. Others are the same as those In Fig. 28. 

[0349] Next, explanation will be given on actions. The output infonnation processing unit 107 keeps the computetion 
Infbmiation sent out by the memory unit es It is if one computatbn lattice point is assigned to one element processor 
but, in case a plural number of lattice points are woven in one element processor, processes the information of those 
iatttee points. The host computer 1 controls the timing of sending output processing infbmiation from the respective 
B5 element prooessore 3s to the output processing Information bus 113. The respective element prooessore 38 send out 
output processing information from the ou^Hit infbmvtfon processing unit 107 to the output processing infbmiation 
bus 113 according to the timing controlled by the host computer 1. At that time, the data construction Is made in the 
Ibrm of packet by attaching Identifier showing the element processor number to either the head or the tail of the data 



40 



EP 0696 001 B1 



sequence to make clearf rom which element processor 3s the data is output. The data output control unit 114 leananges 
the output processing Infonnation coming In through the output processing Information bus 113 according to the iden- 
tifiers of element processor number and converts them into one serial data. Moreover, the data sent to the display data 
control unit 116 through the serial data bus 1 15 are assigned again to the con^espondlng display elements 110 respec^ 
tlvely according to the Identifiers of element processor number, converted from digital data Into analog data through a 
digital/analog conversion circuit and sent out to the respective display elements through the display data bus 11 3. The 
display elements 110 convert computation information Into transmissivity of light like Qquld crystal display element, 
change magnetic strain Into reflection of Dght, or convert It Into change of colour of transmitted light, for example. At 
that time* the display elements 1 10 can visually display the output processing information without disturbing the action 
Gftheou^infbrmattonpffooessingunit 107 because light Is Inadiatedfrom the back side iftheyareofiigMtransmlsston 
type and from the surface side of the display elements 110 in thecaseof light rsflection type bythe lamps 111 converted 
into parallel Gght by the reflectors 112. 

pi350] As explained above, this constmction makes it possible to secure s large distance between the computer 
system and the display unit, visually observe the intemnediate prognsss of computation or final results of computatton 
and utilize them for the purpose of control without disturbing the h^h-speed processing of the computation with the 
minimum data bus construction. 

[0351] IMext, explanation will be given on the twentieth embodiment of the present invention. This embodiment is 
explained in ftukJ analysis, etc., fbr example. 

[0352] The accuracy of analysis improves with the use of body fitted cunrature using lattices atong the surfiace of 
body when analyzing a fk)w along the external surface of a material having a complicated curved shape If the obiect 
of computation is an external How but along the fritemal wall face having a curved shape if it is an Internal ftow, with 
tlie use of a complex curvature using a combination of coarse lattices and fine lattices In the case where the object of 
computation has a locally oomplteated stmcture, and with the use of solutk>n fitted curvature which automatically re- 
duces the size of lattices of the part with vkMent changes in the case whm the phenomena produce violent local 
changes. However, to use such coordinate systems, it is necessary to oonstarrtiy perform troublesome converston of 
coordinates between physical coordinate system and conned coordinate system. This embodim^ is intended to 
not only facilitate generation of iattk:e8 but also Increase the computatton speed in the fluid analysis and shorten the 
display time of the results of computation, by providing a special coordinate conversion unit having the fUndton of 
coordinate oonverdon between the physical coordinate space and computed coordinate spaca Fig. 30 indcates the 
geneiai construction drawing of the multi-prDcessor. 

[0353] In the drawing, 1 is the host computer, 3 are element processors, 7 is a connection between element proc- 
essors connecting b^een the element processors Ibr exchangir^g information, 16 are secondary computation boards 
realized by oonnecUng element processors 3 in the shape of two-dimensional planes by means of the connection 
between element processors 7, 4 Is a network fbr exchanging Informatton by connecting the element processors in 
the secondary computation boards 16, and 120 Is a special coordinate conversion unit for converting coordinates 
provided on the way of the network 4. 

P354] When Initial condittons and boundary conditions are loaded on the multi-processor from the host computer, 
first the ooordlnato conversion unit 1 20 converts coordinates fiom physical coordinato system to computed ooordlnato 
system, and only the Infomiatton relating to the computed coordinate is Input in the multi-processor. Therefore, the 
troublesome computation of coordinate conversion Is separated In the element processors and the essential fluM com- 
putation is speeded up. Moreover, while it is necessary to convert the results of computation for converston into a 
physical coordinate system easy for visual understanding when outputting the results of computation, the oonverston 
Into physicei coordinate system which prevents the operation insMe the element processors is performed by the special 
coordinate converston unit during transfer from the element processors to the host corrputer 1 . Therefore, not only the 
outputtimeof the results of computation is reduced but also Iheelement processors can maintain high-speed operations 
without disturbing the operattons for the purpose of outputting the results of computation. 
[03Sq As explained above, according to this embodiment, not only the conversion of ooordinates necessary for the 
computation but also the fonnatbn of lattices become easier and the accuracy of the solution In^roves If the special 
coordinate conversion unit performing pre-treatment, post-treatment, etc. of coordinate systems Is supported with hard- 
ware or software. Moreover, also in the visualizatton of the results of computation, reduction of display time can be 
achieved through high-speed converston from computed ooordinates to physical ooordinates made by using the special 
coordinate conversion unit. 

[0356] Next, explanation will be given on the twenty-first embodiment of the present Inventton. 
PI3S7] Rg. 31 indicates computation lattice points in the neighborhood of the border of computation area showing 
an example for Improving the efficiency of parallel computation made by levelling the load of the respective etement 
processors. In the drawing, 125 are lattice points on the border of computation area. 126 ere lattloe points Inside the 
computation area, and 127 are virtual lattice points adjacent to the lattice points outside the oornputation area on borxler 
125, all those lattice points conesponding at 1:1 to the respective element processors. 
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[0358] The lattice points on border 125, the number of adjaoerrt lattice points of which is smailer than the number of 
the lattice points Inside the computation area 126, are smailer in both amount of communication and amount of oper- 
ations than the intemal lattice points 126. For that reason, virtual lattice points 127 are provided outside the border for 
equalizing the amount of piocessing with that of the Intemal lattice points 126 by making dummy communication with 

9 the lattice on border 125 In order to level the amount of processing of all lattice points, by avoiding overtiead due to 
synchronization in the case where synchroryzed processing with other intemal lattice points 126 which reduces the 
processing time for the lattice points on border 1 25 Is necessary, but avoiding uneveness of operating load In the case 
where asynchronous computation is performed. 

[0359] While, in the above-mentioned embodiment, explanation was given on a case where the computed lattice 

10 points conespond at 1:1 to the element processors, the same effects as those of the above-mantioned embodiment 
can be obtained , also In the case where a plural number of computed lattice points conespond to one element proc- 
essor, by connecting virtual lattice points 127 to the lattice poNs on border 125 and giving them the same computation 
load thatfbrelement processor containing intemal lattice points 126 only, because the processing time of the element 
processor containing lattice potrrts on border 126 Is reduced. 

15 [0360] Therefore, according to this embodiment, It becomes possible to level the load of the respective element 
processors and Improve the efficiency in parallel operation. 

[0361] Next, explanation will be given on the twenty-eecond embodiment of the present Invention. In the case where 
the element processor is a so-called Neumann's processor, they make time sharing processing when computation of 
a plural number of computed lattice points Is assigned to It, because it is impossible to make parallel operation wtth a 

20 single Neumann*s processor. 

19362] On the contrary, compuiatbn of a plural number of computed lattice points can be executed in paraOel with 
the use of a data How processor, for example, capable of parallel processing on command level. Data fk)w processor 
Is Introduced by MITSUBISHI DENKI GIHOU, Vo. 66, No. 2, 1992, p.24 to p.25, for example. As ft can be seen from 
such description, a data flow processor Is capable of pcff^aliel processing on the command level. 

» [0363] As explained above, simultaneously executable commands can be executed Independently In a data flow 
(data driven) system. 

[0364] Explanation will be given on the method Ibr realizing a differenflai equatton solving program based on fihRe 
difference method on a data ftow pnocessor havir^ such characteristics. In the case of application to the element 
processor Indicated in Rg. 21 , for example, a computation program is assigned to the program memory 11 and ttie 
^ floating point arithmetic element performs operations accorcSng to the data flow graph. 

[0365] Fig. 32 Is a drawing showing a program memory in whteh part of the program for solving a partial dlfTerentlal 
equation Is written. 

[030q As shown bi Fig. 32, the computation program for lattice points No. 1 and No. 2 Is assigned to difTerant areas 
131 , 1 32 of the program memory 1 1 . The Initial pad^ Input from outade is given in advance command code, destination 

35 node address, etc. to have the command executed wtthout passmg through the program memory 11 . Execution packets 
are produced when queuing is completed in the matching memory 63. in ttie data memory 8, access to memory la 
made according to the command code. Of the fieM consOtuting ttie packets output lh)m the data memory, ttie destination 
node address processed by the program memory 11 wtiile the command code and the operend data era treated by 
the operation processing unit 10 respectively. Namely, the program memory 11 renews the destination node address 

40 of the Input packet Into the next destlnaflon node address read out, and the operafion processing unit 10 sets ttie 
results of operetton ^ the first operand data field. The result packet Is etther processed again or output to outside as 
final result. The two programs stored in different areas 131 , 132 of the program memory 11 give command code and 
destination node address respectively to the result packet to enable simultaneous operations. On a processor of data 
flow system, those two programs exist In mixed state on the command level and are submitted to parallel processing. 

45 [0361] Next, expianatkxi will be given on the twenity4hird embodiment of ttie present Inventton. 

[0368] By performing processing using Identifiers on a dynamk: processor erf data flow system, It becomes possible 
to execute one same program on a plural number of sets of Input data. This type of dynamic processor of data flow 
system is indicated in J A. Sharp: "Data Flow Computing", Science Publishing Co. (1986), lor example. 
[0369] As Shown In Rg. 33, two iattk:e points (No. 1 , No. 2) are assigned to the element processor concerned, and 

00 the program memory 130 storee small main programs 131 , 132fDr lattice points Ho. 1, No. 2, rsspectively. Tliefdnctton 
of the main programs 131, 132 is to give those data to the computatk)n kernel unit 133 after putting specific kientifier 
numbere (colour kJentiflers) to the respective lattice points, in the computation kernel unit 133, whteh simultaneousiy 
performs the processings 131 and 132 for lattice points No. 1 , No. 2, the two processings are ocecuted completely 
Independently of each other because the data are provided with Identifiers. 

80 [0370] As explained above, in a data flow processing not requiring ariy memory access, one same program can be 
executed simultaneously on a plural number of sets of data by Introduction of colour Identifiere. However, no exclusive 
control by colour identifiere can be made for data memory access. This problem must be avoided on the programmer's 
responsibility. As a method of avoiding this problem, it Is possible to obtain different data memory addresses for re- 
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spedive colour Identifiors by making conversion of colour ktontifiers and data memoiy address with the program. 
[0371] ng. 34 Indicates an example of function for storing the content of colour identifiers (hereinafter refened to as 
"colour request function") In the operand data field. Rg. 34 Is a data flow graph showing colour request functions. On 
the right side of the ctert, the ctenges of data padcet are also described. Since the drawing Is a simple one, only the 
ff colour Mentlflere, the left data (first operand) and the right data (second operand) are described as a format of packet. 
In the drawing, 135 to 138 are nodes for processing data In order. Tlie node 135 ©xeoites PC command, the node 
136 OR command, the Node 137 PC command and the last node 138 SWAP command. The fiinclton of the commands 
used for the Itow graph In Rg. 34 win be explained hereafter. 

10 (1) PC Is a oommand for exchanging the colour identifier and the left data for each other. 

(2) OR Is a command for performing logical sum operation on bit-to-bIt basis between the left data and the right 
data and storing the result of that operation in the left data- 

(3) SWAP is a oommand Ibr cutputting the left data and the right data by exchanging them for each other. 

IS [0372] Next, expianafion will be given on the action of the cotour request function. Ttie data packet Input shall be 
considered as storing CI as colour identifier. In the left data and DR1 in the right dato. 

[0373] The input data is submitted, in the node 135, to an exchange of colour Identifier for left data by the PC com- 
mand. Next, that data Is submitted, in the node 136, to OR operation with the constant value "(T and, as a result, the 
data p«:lcet of 6 for colour Identifier and CI for left data and right data is output. Moreover, In the node 137, the PC 

2D command is executed to this data packet to torn it into a packet of CI for oolois- kJentmer, 5 for left data and CI fbr 
right data. Lastty, an output packet on the node 138 exchange the left data and the right data for each other according 
to the SWAP command, have colour Identifiers Identical to the input data packet and stores and outputs the cotour 
Identifiere owned by itself In the left data. The output pacR^ from the colour request ftindton could acquire the cotour 
identifier owned by Itself as left data. 

25 [0374] Next, explanation will be given on the method for cateulating the address of data memory by using the resulta 
computed with the above-mentioned colour request function. 

[0376] Rg. 35 indicates a conceptual drawing of an example of method for assigning colour IdenHfiers to the respec- 
tive lattice points. In the drawing, 1 39 are latttoe points. Explanation will be given on two^imensionai analysis in whtoh 
the lattice points 139 are arranged Inthefomiof mesh. Here, a cotour Identifier 0 Is esslgned at the l^topof thetettice 

30 pointa 139 an-anged in the form of mesh in lines N and columns N, and cotoure are assigned to the respective latttoe 
points In such a way that the colour number increases as It progresses In the right directton and the downward direction. 
IP37«] in the conceptual drawing Indicated In Fig. 35, the symbols at left top of the respective lattice points 139 are 
colour idOTtlfiere assigned to the respective lattice points. Because the as^gnment was made as indicatad above, he 
colour klentifiere (CN) assigned to the neighboring latttoe pointa can be catoulated es In Fomiuta 36 below by using 

36 the colour identifiere assigned to own lattice points acquired with tiie cotour request Hinction. 

[0377] As terms Indicating directions, the fop will be called north, the bottom will be south, the right east and the left 
west The equation 0 in Formula 36 Indicates the ooloiff klentlfier assigned to the neighboring lattice point in the 
direction of nortii of the lattioe point concerned. In the same way, the equattons (D to ® In Fomiula 36 indicata the 
colour Uentifiere assigned to the neighboring tattioe point in the south, west end east directions respectively 

40 

0CN = Output vatoe of odour request function - N 
(DCN - Output value of 001017 request ftinctlon + N 

45 ® CN = Output value of colour request lUnctlon - 1 

g)CN = Output value of colour request function ••• i (36) 

[037B] As shown In Rg. 36, Y words of the data memory 8 are assigned to the respective lattice points and the 
® memory aitocetion is made In such a way that the address of the data memory assigned to the lattice point the colour 
Identifier of which Is Z may become the area of (Z X Y) to (X X Y Y - 1). 

[0379] Therefore, the address of the memory ^signed to the lattice point the colour identifier of which is CN is given 
by Formula 37. 

" CNA = CNxY*k-1 (37) 
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[0380] However, k Is a predetermined number end means Ihat access is made to the Vth word of *© data memory 
elements of Y words assigned to the lattice point the colour Identifier of which Is CN. 

[0381] As explained above, because the system is constructed in such a way as to perform the conversion of colour 
Identlflere and data memory addresses with a program and have access to different data memory areas for respective 
5 colour Identifiers, It is posdble to realize asynchronous communication between lattloe points a! equal values tiy mu- 
tually iBferring to the memory of the element piooessors 3 also In the data flow system, without using any special 
hanjware torit. 

p»382] Next, ©cplanation wlil be given on the twenty-fourth embodiment of the present Invention. 

[0383] This type of infomwtion processing system for solving differential equations dhrtdes the object equation Into 

10 differanoes namely divides the space (time is also included In some case) In the lattice and, to determine various 
quanHtlas at the respective lattice points (representative points of the divided space), executes convergence compu- 
tation by using the resulls of computation at neighboring lattice points, in tWs embodiment, memories for storing the 
results of computation at respecBve lattice pdnla are imigned to the respective lattice points to realize exchange of 
data between lattice points by referring to those memories. Explanation will be given on an example showing the 

IS method of exchange of data between lattice points hereafter. 

[0384] Rg. 37 indicates the data memory area assigned for storing the results of computation at one lattice point. In 
the (frawing, 140 is an areas assigned to one lattice point in the data memory 8 for storing the results of computation 
at the latUce point, and 141 to 144 are areas laid out In the area 140 and storing the data of flag of necessity or not of 
communication for lattice points in the respective directions of east, west, south and north. 

20 19385] As shown In Fig. 37, In the or^a assigned to each lattice point, two Idnds of date l.e. (1) date to be referred 
to by the adjacent lattice point of the results of computation at the tettioe point, and (2) fteg indicating the necessity or 
not of communication in the respective directions of communlcaHon (here, the directions are named as dirwdons of 
east, viesi, south and north on the supposition of two-dimensional conslnjction)and if the communication Is processing 
of lattice point laid out In one same processor or If tt is a communication made through a networic, are stored. 

^ [038q Fig. 38 Is a flow chart showing the flow of processing in the case where communication is held between lattloe 
points. Rrsl, when making commuriicatlon between latOce points, the date stored fn the predetermined address of the 
date memory area assigned to each directton of communication is read out (step ST1). Next, necessity or not of oom- 
munlcatiOT is Judged In step ST2. Namely, (the processing unit) perfonns a processing fbr communication if the date 
read out is "1" because it means that the adjacent lattice point exists In the direction In which the communication is 

30 intended. On the other hand, if the date read out is "ff*, no processing tor communication will be made because it 
means that this lattice point existe on the border of the system and no communication is required in Ihls dlra^on. 
[0387] Next, m step ST3, the processing unit reads out the date stored in another predetermined address of the date 
memory in which a flag indicating the type of communication Is stored, and teste the date value road out in the same 
way as at)ove. 

56 [038q in the case where the date read out te "0", it means that communication Is made with the lattice point teld out 
In one same processor and (the processing unit) perfomns address oomputalion by the method indicated in the twenty- 
third embodiment of the present Invention and makes communlcalton between lattloe pointe by referring toand renewing 
the date memory area assigned to the adjacent lattice point. 

[0389] On the other hand, If the date road out is other than "(T, It means that the lattice pointfor making convnunlcatlon 
40 Is assigned to other processor and, at the same time, the processor No. to which the lattice point of the partner of 
communication te stored In the upper 8 bite of the 32-blt data read out, whfle the base address of the date memory 
assigned to the lattice point of the partner of communication is stoned In the lower 24 bite. As shown In the twenty-third 
embodiment, an off-set address Is added to said 32-tlt data to compute the address of the date memory storing the 
desired date. If any (fistributed shared memory access Is executed with said date as address, the date padcet is trans- 
45 fQm6 through the network to the processor to whtah the lattice point tor making communication Is assigned, to read 
the desired date, return to the transmitting processor again together with that data and conttnue the oomputetlon of 

the tettice point , j x- ^ 

[0390] As explained above. In the muitl-processor making communication between lattice points, a field lor storing 
the infbrmatlon fridicating possibility or not or method of communtoatlon such as direction available for communication 
eo or not for each direction of the respective lattice pointe, communlcatton passing through a networtc or not. etc was 
assigned in the date memory, and distributed shared memoiy access was used in the case of oommunicotton passing 
through a networic The mechanism off distributed shared memory access Is disdosod in deteii In the Japanese Patent 
Laid-open Gazette Na 3-122336. 

[0391] l=br that reason, both the processing of lattice points on the border and the processing of lattice points inside 
05 the border can be realized with one same program and. therefore, the program si^ can be reduced. 

[0392] Moreover, when the respective lattice points ore assigned to a plural number of processore, communication 
between lattice pointe rangbg over ttie processors can be reoOzed easily without relying on the mottiod of assignment 
of lattice pointe. 
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PI393] In the twenty-liflh embodiment, twenty-sixth embodiment, twenty-seventh embodiment and twenty-eighth em- 
bodiment of the present Invention to be described hereafter, It Is premised that the pnxesslng program of a plural 
number of lattice points Is assigned to one same element processor so as to perform exchange of data between the 
lattice points through the data memory in one same element processor. The respective embodiments will be explained 
In detaQ hereafter. 

PI394] Nfext, explanation wQI be given on the twenty-fifth embodiment of the present invention. Explanation will be 
given on the computatbn system having a taUe which indicates, In a muKi-prooessor which assigns a memoiy to each 
lattice point and makes communication between lattice points close to each other through this memory, the memory 
area in each direction for making communication for each lattice point. 
10 [0395] Fig. 39 is a drawing showing division of data memory areas. In the drawing, 145 is an area assigned to one 
lattice point inside the data memory to obtain the results of computation at the adjacent iatlloe point, and 146 to 149 
are areas assigned Inside the area 145 and storing the forefront address of the memory area of the lattice point in the 
east, west, south and north directions respectively. 

[0396] As shown in Rg . 39, the forefiront address of the memory area of the lattice point In the respective directions 
ts is stored in the assigned memory area for each lattice point, in the case of this embodiment, the forefront address of 
the memory area of the lattice point of the dinadion of communication is stored by using 4 data areas 146 to 149 in 
the e^, west, south and north directions for each iatttoe point 

[0397] Fig. 40 Is a flow chart indicting the flow of processing In the case of communication. When making commu- 
nication, the fDreltcnt address of the memory area of the partner of communication Is read out according to the direction 

20 of communication (step STd). In the case where the desired direction of communk»tion is a direction in which com- 
munication is impossible. -1 is slonsd in advance in the area storing the forefront address of the memory area of the 
latttoe point of the directton of oommuhtoation. if the data read is -1, no communication Is made (step ST7). If the 
desired directkm is Judged as a direction unavailable for communication, the address ofT'^et of the data to be commu- 
nicated is added to the forefront address of the partner of communication to obtain the address with which to make 

2$ communication aduaiiy and perfbnn actual communication (step ST8). 

[0398] While an example of a case where the Ibrefront address of the memory area in each direction fbr making 
communication is stored was indicated In the above embodiment, the present Invention can also be applied to an 
embodiment storing lattice point numbers In the case where memory areas are asslgnad in the order of lattice point 
numbers, for example. 

^ PI399] IMoreover, while an example of a case where the fbrelront address of the memory area in each directbn for 
making communteation is stored was indicated in the above embodiment, the present invention can also be applied 
to embodiments storing Mentlfiers which can specify the memory area to be used for communteatton such as difference 
between the forefront address of the memory area of thie lattice point of the transmitting party and the forefront address 
of the memory area of the partner of oommunlcation, distance between iattk» points which is a value obtained by 

36 dividing saM value by the size of the memory used by one lattice point, and a pointer, far example. 

[0400] Furthemnore, while explanation was given on the case where there are 4 diredtons of communication in the 
above embodiment, the present Invention can also be applied to cases where there are 6 or 8 directions Ondudlng 
northeast, northwest, southwest southeast or part of such Erections). 

PI401] Still more, while explanation was given on the case where -1 Is stored in the direction unavailable for com- 
40 municatlon in the above embodiment, the present Invention can also be applied to a case where any unused optional 
value is used as ktentifier Indicating the direction unavailable fbr communicatton. 

[0402] Even In the case of a processing in which the lattice point to be used for oommunicalion changes In such a 
way that the adjacent lattice point to be communicated with is a little apart during a coarse node processing but comes 
doser during a fine node processing, those processings can be executed with one same program tsy using rewriting 

46 the area of the Mentifier which Indtoates the memory area of the lattice point In the directton of communication. 

[0403] Moreover, In the past in a case where an area with projections and cuts as shown in Fig. 41 is taken as an 
object of processing, the object of procesdng was selected as either a square or a rectangle formed in a way to include 
the area with projecttons and cuts. For that reason, It was necessary to make the processing even tor tettice points 
which essenHaliy need not be processed. With the appilcatton of the present invention, however, the processing can 

50 be made directly for an area with projections and cuts, because any lattice points in any option^ diractton can be set 
as lattice points unavailabfe for communlcatton. This makes It possible to eliminate the memory area of the lattice 
points outside the area wtlh prejecticns and cuts and thus reduce the memory size. It also makes prooesdng of the 
latttee points outskto the area with projections and cuts unnecessary, enabling tMer processing. TMs realizes both 
reduction of memoiy size and Increase of processing speed. 

85 [0404] Fbr the identifier used as Identifier of directton of oommuntoatton In this embodiment using the value obtained 
by dividing the difference between the forefront address of the memory area of iattloe point number or lattice point of 
trensmitting party and the forefront address of the memory area of the partner of oommunlcation by the dze of the 
ntemory used by one lattice point is more efltectlve, compared with a cm of using either address or difference of 
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address Itself, for reducing the number of bits required as memory and thus reducing the memoiy size used. 
[040q While the above embodiment provides a method of access to memory area In the case where a large number 
of lattice points are woven In a single element processor, the communication can be simplified with the embodiment 
indicated hereafter as far as the communication between element processors is concerned. 

ff |040ff] When element processors are connected In a lattice type topologyp a problem is the communication with 
element processors in diagonal directions. Fig. 42 is a drewing showing a ocmmunication system with element proc- 
essors In diagonal directions. In the drewing, 151 indicatas an element processor In the IMWdlrection. 152 Is an element 
processor In the N direction, 153 is an element processor in the NE direction, 164 Is an element processor in the W 
direction, 155 Is an element processor under computation, 166 Is an element processor in the E direction, 157 is an 

10 elementprooessorlntheSWdirection, 158 Is an element processor in the Sdiredlon, and 159 is an element processor 
in the SE direction respecUvely. 

[0407] Moreover, in the drawing. 160 indicates a virtual oommunlcation route In the NW direction, 161 is a virtual 
communication route in the SE direction, 162 Is a network between element processors, 163 Is a virtual communication 
route m the SW direction, and 164 Is a virtual communication route In the NE direction, in the case where the element 

15 processor 155 has communication with the element processors 151 , 159 In the NW and SE directions, the oonventional 
method con^sted in either installing virtual oommunlcation routes 1 60 and 1 61 dirocUy between the element processors 
151and 155 and between the element prccessors 155 and I50tomakecommunlcatlonormaklngdatacommunlcation 
by way of the element processor 152 or 1^. However, such methods had a tat of problems such as compOcated 
communicatton networtc with the former method and deterioration of speed performance of the entire system due to 

20 large waiting time for synchronlzatkm for communication, ^ If the respective element processors have the data held 
by the element piooessore in higher and lower positions In duplicate, the communication system in the oonvnunlcatlon 
with the element processor 161, Ibr example, can be simplified by referring to the data of element processor 151 on 
the memoiy of the element processor 154. Howler, the data held in dupflcate must be rewritten eveiy time when the 
orlgirml data is renewed. 

28 [0408] Furthermore, the seme effects can be obtained also by having in duplicate the data of the element processors 
In the left and right sides Instead of the element processors in higher and lower positions and having access, when 
maWng communication with the element processor 151 for example, to the data of element processor 161 stored on 
the memory of the element processor 152. 

[0409] Next, explanatton will be given on the twenty-sbeth embodiment of the present invention. 
^ [041Cn A multi-processor which assigns a memory to each lattice point and mates communication between lattice 
points dose to each other through this memory retains Infbnmatlon Indicating the memory area In each direction Ibr 
making communication for each lattice point and especially has Infbnnatlon indicating a common dummy area in the 
directton unavailable for communication. 

[041 1] Fig. 43 indicates a layout drawing of memories used in the twenty-sbdh embodiment. 

9$ [0412] in Rg. 43, 170 Is a memory area assigned to the lattice points forming the subject of processing inskle the 
data memory 8, 171 Is a memory area assigned to one lattice point Inside the memory area 170, and 172 is a memory 
area for one latttae point assigned inside the data memory 6 as dummy area In the diredkxi unavailable tor commu- 
nication separately from the memory area 170 assigned to the lattice points forming the 8ub|ed of processing. A memory 
area for one lattice Is secured as dummy area In the direction unavaQable for communication in addition to the memory 

40 area Ibr the lattice points forming the subject of the actual processing. An Identifier Indlcatlr^ the dummy area is stored 
as Identifier Indicating the direction unavailable for communication In the area in which to store the memory area tor 
the lattice points in the respective directions of communication assigned to the lattice points fbmiing the object of the 
actual processing. 

[0413] Rg. 44 indicatas the Ikaw of processing of this enAodlment For establishing communication, the identifier 
45 Indicating the memory area of the lattice point In the direction of communication is read (step ST10). After that, the 
communication prx3ces8lng Is made to that area regardless If that Identifier Is a dummy area or not (step ST11). 
[0414] When any readout from the area of the partnerof communication for the communication processing, a certain 
value not having any bad influence on the processing is stored in advance also In the dummy area. However, In a 
communication, it is possible to restrict the processing from transmitter to partner of oommunlcation to writing only by 
50 processing the data necessary for the processing of respective lattice points In a way to be delivered in advance from 
adjTCent iattioe points without fall 

[0415] Because only one Idnd of processing is made regardless if communication Is possible or not, no program is 
required for Judgement and the program size can be reduced. 

[041 q Because only one kind of processing is made regardless if communication is possible or not, it Is possible to 
55 control deviations In the computation load for the respective lattice points and avoid any excessive progress of the 
processing only for lattice points with a bt of directions unavailable for communication, and thus realize oontredlon of 
progrem size and increase of processing speed even In a case where synchronized processing among respective 
lattice points, eto. la necessary 
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[0417] Next, explanation will be Qlven on the twenty-seventh embodiment of the present Invention. 
[Q4iq To shorten the delay time In the exchange of data, when mutually adjacent lattice points are assigned over 
two element prooessoia. It te effective for the element prooessora on both sides to mutually have the data off Ihe partner 
In duplicate. In that case, when the data for those tottlce points has be&) renewed, It Is necessary to send new data 

a to the adjacent program without fafl to guarantee the consistency of the data of the element programs on txsth sides. 
PI419] However, sending data to the a<jOacent element prooessore each time when the data is renewed unnecessarily 
increases the votumo of communication between processors and have negative Influences on Ihe essential processing 

when the difTerenoe of the renewed data Is very small. 

[0420] Rg. 45 Is a conceptual drawing showing the situation of communication between mutually a^aoent prooes- 

10 sore. In the drwnng. the element processor 3 on the left side performs the computation of lattice points No. 0 to No. 
nwhllelheeternentprocessoraonlhe rigWslde performs the cornpulatlonof lattice points No. n+1 to No. m. As shown 
In ng. 45. when the element processor 3 on the left side sends the data of results of computation of lattice point No. 
n to Ihe adjacent element processor 3 fbr example, such bad Influence can be avoided by comparir(g the data Alo be 
transmitted to the adjacent element processor 3 wtth the data B of the previous generation and stop the sending It they 

15 are identical or have a difference no larger than a certain value. 

[9421] While the data B is assumed to be that of the previous generation (namely, date of results of computation of 
previous time) here, this data B may also be a data transmitted previously to the adiacent element processor 3 because 
there Is a fear that differences may accumulate even If the quantity of change produced each lime is very small. 
[0422] Next, explanation wiU be made on the simpOfication of the program fbr solving equations according to the 

20 twenty-eighth embodiment of the present invention. 

[0423] Rg. 46 is a plan view showing the relation between the computing area for analyzing equations and the lattice 
points assigned to the compuflng area. Lattice points of one external circle are considered on the outside of the lattice 
points requiring processing surrounded by solid line. A memory area is assigned for the respecHve lattice points of one 
external circle, and numbers are given un<ter the respective lattice points as lattice point numbers. 

2$ [0424] When the lattice point number of the transmitter Is n. the lattice point numbers in Ihe respective directions 
can be obtained with the computation of Formula 38 and there is m) need off any spedal pK 

points at the edge. 

Lattice point number (East dbedion) = n + 1 

30 

Lattice point number (West direction) = n - 1 
Lattice point number (South direction} = n - 10 
^ Lattioe point number (North direction) :sn + 10 (38) 

[0425] Supposing that the data for lattice points Is secured fbr each lattice point by a quantity of R entry in the order 
of iattloe points from the address S, the forefront address In the data area of the lattice points of the p»tner of oom- 
40 munlcatlon can beobtalned with Formuia39. if the lattice point offthe partnerof communlcationobtalned wWilheabove 
computation is put as D. JWe communication processing Is the same as that in the twentj^fifth and the twentj^sbdh 
embodiments. 

DXR + S (39) 

4$ 

[0426] in the case where the communication proces^g Includes readout from the area of the partner of communi- 
cation, a value not having any bad Influence on the processing is stored In advance In the respective dummy areas. 
TWs can be realized by such means m eOmlnatlng any large Influence by providing the dummy area wilh the same 

eo data as that off the adjacent lattice points which get the wall data. Moreover, Iff there is any value serving as a unit 
element fbr the respective operations, the above protection can also be realized by setting that value. 
[0427] While the lattice point numbere In the respective directions were obtained by calculation In this embotf ment, 
this method can also be applied to any embodiment In which Identifiers of lattice points In the direction of commurtf cation 
are stored m the memory in the same way as the twenty-filth embodiment. 

05 [042q While explanation was given on a case where memories of blocked areas are assigned to the respective 
lattice points In the twenty-fifth to twenty-sevenlh embodiments, this method can also be applied to any embodiment 
in which areas are secured In blodcs for respective elements, l.e. case where areas are secured in blocks for respective 
elements such as pressure value, flow velocity, etc. and that the respective areas store the respective elements in the 
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order of lettfce point numberB. 

[0429] In a computation syatem capable of obtaining data of acfjaoerit lattice points by assigning a data memory area 
for each lattice point and referring to said memory, it Is possible to realize simplification of processing program, com- 
presalon of program size and Increase of processing speed by assigning, to the lattice poinis boated at the borderp 
s virtual data areas simulating the extema! lattice points. 

[0430] When securing areas by enanging them In blocks for respective elements, ft becomes possible to Improve 
the hitting ratio of cash and increase the processing speed by arranging in bloclcsthe elements to which to havefrequent 
access. 

[0431] Nextp explanation will be given on the twenty-ninth embodiment of the present Invention . 
10 [0432] I n solving a differential equation, the object system is divided into small lattice points. In that casOp however, 
there is a fear of extended time for reaching convergence, because a time proportional to the number of points from 
the borxier to the respective lattice point nodes Is required for the state of lattice points d^ermlned by the boundary 
conditions to spread to all the lattice pobits and stabilize. 

[0433] To avoid such inefficiency, there Is a way to improve the speed of convergence by aftemate use of coarse 
18 node and fine node. Rg. 47 Indicates computed lattice points In the neighborhood of the border of computation area 
showing an example for Improving the spe^ of convergence by alternately using coarse nodes and fine nodes. In the 
drawing, 125 are lattice points on the border of the computation area, 126a are iatttoe points Inside the computation 
area at the time of connection by fine nodes, 126b are lattice points bislde the computation area at the lime of connection 
by coarse nodes, 7a is a connection between element cornpressors for fine node connection and 7b Is a connection 
20 between element compressors for coarse node connection, and those lattioe points and the respective element proc- 
essors correspond to each other at 1:1. 

pi434] In this embodiment, all lattice points Inside the computation area 126a and 126b are connected by means of 
connection 7a between element compressors for fine node connection at the time of fine node connection, and the 
Internal lattice points 126b for coarse node connection are connected by Jumping a plural number of internal lattice 

26 points by means of connection 7b between element compressors for coarse node connection at the time of coarse 
node connection. (Here, because the internal lattice points 1^ for coarse node connection play the rote of computed 
lattice points In both fine nocto operation and coarse node operation at the time of coarse node conriedion, the data 
memory Inside the lattice points 126b plays the role of exchanging information between coarse node operation and 
fine node operation. And, in the computation, fine node operation and coarse node operation are used aitemately. In 

30 such construction, the boundary cc^ditions of the lattice points 125 on the board are transmitted to the inside of the 
computation area 3 times faster than during the fine node operation by means of the connection 7b between element 
compressors for coarse node connection, and then transmitted to the intern^ lattice points 126a for fine node connec- 
tion in the neighborhood by fine node connection to perfbmi detailed computation. 

[0435] Therefore, according to this embodiment. It Is possible to Increase the speed of convergence by making the 
36 boundary conditions penetrate into the computation area immediately through the use of coarse nodes and then obtain 
results of operation of high computation accuracy with the use of fine nodes, to eventually achieve Mgh-accuracy high- 
speed operation. 

[043^ While en example In which the lattice points of fine node connection are connected at every 2 points at the 
time of coarse node connection was given in this embodiment, simto effisds can be expected also wHh connection 

40 nrade by skipping whatever number of points as a matter of course. Moreover, while the coarseness of lattices was 
given in 2 grades or fine node connection and coarse node connection in this embodiment, the same effects can be 
obtained also with the use of latttoes in a larger number of grades of coanseness. Furthermore, while in this embodiment 
explanation was given on a case where the computation at coarse node connection end the computatoi at fine node 
connection are made aitemately one by one, it is also ail right to make the computation at coarse node connection and 

46 the computation at fine node connection by altemating a plural number of times of one and the other. 

pi437] While In the above example explanation was given on a case where the compiitatton at coarse node connec- 
tion and the computation at fine node connection ana used aiterrateiy, it is also possible to adopt a method of gradually 
improving the accuracy of the solution after reaching convergence with coarse nodes. 

|943q Namely, this method consists, in Fig. 47, In perfonning computation repeatedly until a convergence solution 
60 Is obtained by using the Internal lattices points 126b and the lattice points on border 125 at the time of coarse node 
connectkm connected wHh the connection 7b between element processors at coarse node connectton and, after that, 
either giving the solution of the Internal lattloes points 126b at the time of coarse node connectton as initial conditions 
or giving the solution of the Intemal lattices points 126b at the time of coarse node connection as initial conditions by 
proporttonaliy distributing it according to the space distribution of the fine nodes and then repeatedly performing the 
66 computatton by using the internal lattices points 126a connected with the connection 7a between element processors 
at fine node connection, the intemal lattices points 126b at the time of coarse node connection and the lattice points 
on border 125 to take the convergence solutton as final solution. 

[0439] By adopting this m^hod, It becomes possible to sharply accelerate the computatton for reaching a rough 
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conveigenoe. Naniely. this makes It possible to not onV avoid useleBsly making local caiculaflons but also reach a 
convetgencesteb^ and reach the final converQenoequlcldy. , ^ i ^ 

m*m VWhlle In this embodiment explanation was given on a case where the lattice points and the respective element 
proo^ore coirespond to each other at 1 :1 , the same efltelB can be obtained also In a case where a space area In 
which a plural number of lattice point groups exist are made to correspond (assigned) to each element processor. 
10441] Next, explanation will be given on the thirtieth embodiment of the present Invention. 
[04439 in the above twenty-ninth embodiment, explanation was given on a case where ooaree node connection is 
realized by skipping the connection between mutually adjacent dement pracesaore with Jumper firing. 
[0443] in this embodiment, expianatton will be given on a case where those coaree nodes are rBalizadwWi SW onV- 
[0444 In a case where a data memory area is secured for each latUce point and the data communkaBon between 
Utee points Is realized through mutual access, by lattice points requiring communication, to this data memory area 
secured for each lattice point, as explained in the twentHWIh embodiment of the present Inventton. tt is posslbte to 
perform data communlcatkxi with latttee polnta other than adjacent latttoe pohls 1*. realize coaree node connecUon 
with SW only by having a table Indicating the data memory area in the respective directions of*!^^"* *>rMCh 
latltee point and storing, in each entry of this table, the address of the data memonr area secured for the latlloe points 
sMooed by the desiied number of lattice points. 
m*m Therefore. It is possible to perform fine node precessing by setting the tabto indicating the data memory area 
m the respective directions for maWng communlcalton In a way to reaiiza coane node oonneeiton at «>« «tartng stege 
of solving of equattons and then changing that table, after convergence of the processing, in a way to indkate the data 

» memory area secured for the adjacent latttoe pobits so as to realize fine node PJ«»«»'';fl- mo^u, 

PH46] Moreover,byrwwritinglheteblee8requiredbythe8anienielhod8sabov0.ltlsai8opos8ibletoalternatoly 

execute coarse node processing and fine node processing. Hh«*nn« 
mm Furthermore, by having 2 pieces of said tflble indtoaOng the data memory area in the respeoove direedons 
for maldng communication l.e. one for coan» node processing and another for fine node processhg and by «ea;tlng 
2$ the pregrem for ooaree node processing and the program for fine node processing in parallel. R is eiso possible to 
wMcute coarse node processing and fine node processing in parallel. 

[04461 Even In the case of processing In which the latOce point Ibr maldng communteatton changes in such a way 
that the adiacent lattice point for making communkatlon is a lltOe apart during a coaree node processing but is ckse 
at hand during a One node processing, etc.. It is possible to perfbmi the processing with one exactly same program bjf 
30 Just rewriUng the area of the Wentifler Indicating the data memory area of the iatttee point in the direction of communl- 

mSm While in the above embodiment explanation was given on a case where the convergence speedb injprovBd 
with dmuitaneous execution of coaree node and line node, there is no need of having one same algoiflhm Ibrboth 
coaree node processing and line node prooessir^. By having separate programs for coaree node and Una node, It 

w becomes possible to use dHferent algorithms for coarse node processing and fine node processing. 

[04S0] For example, use of an algorithm of high convergence speed but of Inferior accuracy in coaree node ItJrther 
Improves the convergence speed ofthe system as a whole. «jnfa i- «famvi 

IQ451] In the above embodiment relating to SIMPLE method, the conrent data of adjacent tetltee points Is referred 
to for partbrniing computation regaixling the lattice points concerned. However, by having no l«s than 2 serwaHons 

40 ofdatarMardingadJaoenttattioepolnteandomlttlngthecornputettonofnodesooncemedwhe^ 

generations Is no more than a prescribed value, H becomes posslbte to reduce the totelamount of romputaUon and 
shaipiy shorten the computation time. Moreover, omission of computation of lattice points wMh a fluctuation between 
generettons no teiger than a prescribed value eiso produces an eHoct of enabling use of obtained calculated resourea 
forthe processing of othertetltee points. -Dataof 2 generatlona- mentioned here refere to the "data based on the resulta 

46 of computatton in the previous step of the repeated computation- and the "data based on the results of computation 
in the step before last of the repeated computattoh" regarding adjacent latttoe polnta. 

[0452] In the SIMPLE method menttoned ebove. conditions for omitting the computation at each tallica point are 
dven The diBerwoe of data between generettons of adjacent iatttee polnta was of a fixed value. However, by setting 
me tolerance of the dlfterence of data betawen generettons which te the condltton for omitling computation, at a large 
value but gradually contracting It in the course ofthe convergence computatton. it Is possiWe to sharply accelerate the 
computation Ibr reaching a rough oomreiBenoe. Appllcatton of this method makes tt posslbte to avoid making any 
useless local calculattons and reach the final convergence qutekiy. 
[04531 Next, ooilanatton will be given on the thirty-flret embodiment of the present Inventton. 
[0454] The ccnventtonai pareltel compuleni. whtah were mainly Intended to minimize the number of UnwHteraUona, 
had a detect that the convergence processing detennlnes the speed of the entire computatton becatwe the compiler 
adopted the consecutive means of judging convergence or not at the point In time when the oomputaBon of all tatttoe 
polirte at certain time step is over and. if convergence te not reached yet. starting the computatton of the res^ 

tattfoe polnta again by time marching. 
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BI45S] Because the relation of (cximputation co&t at each lattice point CA) > (cost of processing for Judgement of 
convergence CC) Is established In a fluid sfrnulatlon generally, this constniction can be adopted If some small quantity 
of buffer equipment Is prepared. Moreover, If the Judgement of convergence Is formed partially, only a smaB quantity 
of buffer will be enough. Putting the number of Iterations up to oonvergerwe as N x (CA + CC + a) can be shortened 
s toNxCA + a,a representing the communication cost. 

[0458] Fig. 4B is a oonstnjdion drawing of multi-processor showing an embodiment of the present Invention reafized 
for improving the speed of simulation by cutting off the mutual dependence between the simulation and the precessing 
for Judgement of convergence. 

[0457] In the drawing, 3k are element pnocessors for performing operations, 180 are convergence Judging units for 
10 judging of convergence in each column based on the information of converBence flag output by the respective element 
pix}oessora Sic, 1 1s the host computer for Integrally conlrolling the element processors 3k and the convergence judging 
units leO. 104 are computation information buses in direction of line for exchanging data for the operations between 
element processors 3k In the direcflon of nne, 105 are computation Inftmnation buses In direction of column for ex- 
changing data tor the operations between element processors 3k in the direction of column, 181 are convergence flag 
16 information buses for transmitting the convergence flag output the respective element processore 3k to the conver- 
gence Judging units 180, and 182 are convergence Information buses for transmitting the oonveigence Information of 
the respective convergence Judging units 180 to the host computer. 
[0458] Next, explanation will be given on actions. 

[0459] The respective element processors 3k judge convergence of the computation for each step of repetition of 
20 respective computations or for a certain number of steps of respective computations against the results of Internal 
computation In themselves and. If oonveigence is reached, output the convergence judgement flag as 1 to the con- 
vergence flag Intometion buses 181 , for example. The convergence judging units 180 collect the Information of con- 
vergence Judgement flag output from the respective element processors 3k and, when all the element prooessora 3k 
controlled by the respective convergence Judging units 180 Judged that convergence has been reached, output con- 

29 vergenoe infbnnation Individually to the convergence information buses 182. And. finally, the host computer 1 Judges 
convergence of the whole part from the convergence Infbrmatlon of all the element processore 3k require all the con- 
vergence Information buses 182 to terminate the operation. 

[0460] By constructing the system this way, the element processors 3k can execute operattons In parallel and in- 
crease the speed of operations without being disturbed in respective operations. 

30 [0481] While In this embodiment the convergence Judging units 180 divide the element processors an-anged In the 
shape of lattfoe Into groups by Ines and control the convergence InfomnaUon of such groups, the same effects can be 
obtained regardless ff tWs grouping is made by columns or at randmi as a matter of course. 

[0462] Next, explanation will be given on the thirty-second embodiment of the present invention. 
[0463] Rg. 49 Is a oonstrection drawing of multi-processor showing an embodiment realized for improving the speed 
3$ of simulatton by further cutting off the relatfon of mutual dependence between the simulation and the processing for 
Judgement of convergence. 

[0464] In the drawing, 3k are dement processors for perfonning operattons, 180 and 180a are convergence Judging 
units forjudging the situation of convergence In each column b^ed on the Information of convergence flag output by 
the respective element processors 3k. 1 is the host computer for Integrally controlling the element processore 3k and 

40 the convergence Judging units 180, 104 are computation infbnnation buses In direction of line fbr exchanging data for 
the operations between element processore 3k in the direction of line, 106 are computation Informatton buses m di- 
rection of column for exc^grng data for the operetions between element processore 3k in the direction of column, 
181 are convergence flag infomiation buses for transmitting the convergence flag Indicating the situation of conver- 
gence of the respective element processore 3kto the convergence judging imlts 180, and 182 are convergence Infor- 

4S mation buses for connecting between the convergence judging units 1 80 the host computer and transmitting the con- 
vergence Infomnation of the convergence Judging units 180. 

[0465] in this construction, the convergence Judging units 180 arrange the convergence Inforniation buses 182 in a 
way to make transmission of informatfon only unidlrectionally between mutually adjacent convergence judging units. 
And, they start sending out convergence Infbmnatton when the computation in ail the element processore 3k controiled 
GO by the convergence judging unit a farthest from the host computer 1 converged. Other convergence judging units 180 
send out convergence infomiation when both the oonvergenoe information from the adjacent convergence Judging 
units 180 and their own Judgement about oonvergence of the oomputatton in all the element processore 3k controlled 
by themselves are ready. 

[046q By arranging in this way, the host computer 1 can irranedlateiy Judge the completton of computation at the 
05 polntin time when the convergence judging unit 1 80 ctosest to the host computer 1 sent out convergence infbnnatton 
to the host computer 1 . This makes H possible 1o forther Increase the speed of computation without disturbing the 
procsssing In the element processore 3k and the host computer 1 . 

[0467] While in this embodiment the convergence Judging units 180 divide the element processore arranged In the 
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shape of latttee into gioups by Ones end oonlrol the oonveigence Information of such groups, the same efbds can be 
obtained rogardless If this grouping Is made by columns orat random as a matter of course. Moreover, the same effects 
can be obtained even If the connection between convergence judging units 160 Is made regardless of their distance 
from the host computer 1. 
5 (p46q Next, explanation will be given on the thlrty-thinJ embodiment of the present Inverrtion. 

[p469] As explained In the thirty-second embodlmsnt. transmitting convergence flag through convergence flag Infor- 
mation buses constructed outside the element processors produces losses of communication lime. Fig. 50 is a block 
diagram showing the construction of element processors according to the thirty-third embodiment realized for the pur- 
pose of shortening the transmission time of convergence flag. Moreover, Rg. 61 Is a block diagram showing the con- 
to stmction of a multi-processor composed of the element processors indicated in Rg. 50. 

[047(g In Rg. 50, 3m Is an element processor, 5 Is a processing unit for performing oomputaflon formed Inside the 
element processor 3m, 5 is a memory unit Ibr storing the computation information necessary for the computation of 
the processing unit and provided Inside the element processor 3m, 183 Is a convergence Judging unit, provided inside 
the element processor 3m, forjudging thesltuation of convergence of the processing unite Inside the element processor 
15 3m it belongs to, the situation of convergence in the adjacent element compressor 3m and the situation of convergence 
of aD element comprossors 3m, 104 are computatton information buses in direction of line for exchanging data for the 
operations between the element processor 3mlnthe direction of line, 105 are computation Infonnation buses In dlrecUon 
of column for exchan^ng data for the operations between the element processors 3m In the direction of column, 181 
are convergence flag Inlbmwtlon buses for transmitting the convergence flag to the convergence Judging unit Inside 
2D 183 the respective element processors 3m by connecting the convergence Judging unit 183 Inside the respective ele- 
ment processors 3m In the form of a ring, 182 Is a convergence information bus for trsnsmitting the convergence 
Information of ail the element processors 3m to the host computer 1 by connecting between at least one of the con- 
vergence judging units 183 of all the element processors 3m and the host computer 1, 164 is an internal flag infonnation 
bus for transmitting the convergence flag output by the processing unit 5 to the convergence Judging unit 180, and 106 
25 Is an Internal flag Infonnation bus for exchanging data necessary for computation and the data of results of computation 
b^ween the processing unit 5 and the memory 6. 

[0471] In Fig. 51, 1 is the host computer for Integrally controlling the element processors 3m, 3k. TTie respective 
processing units 5 judge convergence of the computation for each step of repetltton of respective computattons or for 
a certain number of steps of respective computations end, If convergence is reached, output the convergence Judge- 

30 ment flag as 1 to the convergence judging units 183 through the internal flag Infonmatlon bus 1 84, for example. More- 
over, the convergence Judging unit 163 of the respective element processors 3k are connected In the shape of a ring 
through convergence flag Infomialton bus. The Judgement of convergence is started from a predetemrtfned spedflc 
element processor. Simuftaneousiy as the convergence judging unit 183 of the element processor 3m receives an 
Internal flag infomnatfon bus Indicating convergence from the processing unit 5 inside, it transmits the oonvergenoe 

36 judgementflag as 1 to the convergence judging units 1 83 ofihe adjacent element processor 3k through the convergence 
flag information bus, for example. Here, the conveigence flag Informatton bus 181 connected in the shape of a ring Is 
provided with a flmctlon of transmitting Infonnation in one directton. Said convergence judging unit 183 of the adjacent 
element processor 3k takes the logical product (AND) of the fritemal information flag (= 1) from the processing unit of 
the element processor 3k It belongs to and the convergence flag (= 1) from the convergence judging unit 183 of the 

40 adjacent element processor 3m and, If It Is found frue (= 1). further sends out convergence flag 1 to the conveigence 
judging unit 183 of the adjacent element processor 3m through the convergence flag Information bus 181. 
[0472] The respective convergence judging units 183 connected In the shape of a ring perform the procedure of 
taking the logical product (AND) of the internal Infonnation flag (= 1) from the prpcessfrig unit of the element processor 
3k Ihey belong to and the convergence flag (= 1) from the convergence Judging unit 183 of the adjacent element 

4$ processor 3k and, if It Is found true (= 1), ftjrther sending out convergence flag 1 to the convergence judging unit 1 83 
of the adjacent element processor 3k through the convergence flag Infonnation bus, one after another In the order of 
connection of the convergence flag Infonnation buses 181. Rnally, at the point In time vi^hen the convergence flag (= 
1) is retumed to the convergence judging unit 183 of the element processor 3m whtoh first trensmitted the oonvergenoe 
flag M 1, (the convergence judging unit 183) Judges that ail the element processors 3k, 3m converged and send out 

m convergence infomnatlon (= 1) to the host computer 1 through the convergence Information bus 182 to complete the 
computation. 

[047^ By arranging this way, It Is possible to shorten the transmission time of information regarding oonvergenoe 
and thus achieve increase of speed of computation, because the Intemal flag information bus 181 Is provided inside 
the respective element processore 3k, 3ra 
« [0474] While In the above embodiment the Intemal Information flag, the convergence flag infonnation and the con- 
vergence Infonnation were explained respectively as logical values of 0 or 1 . whatever value may be given to them If 
only judgement of convergence or not can be made. Moreover, It Is all right If a convergence Information bus 182 is 
provided In one element processor 3m and there Is no need of Installing it in all the element processorB. 
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[0475] Moreover, any of the element prooessors may be selected as specific element processor 3m. 
1^476] IMoxt. explanation will be given on the thirty-fourth embodiment of the present invention. 
[0477] Flo.52teeWo<*dl8gram8howlngtheoonstnicttonofamultH)rooes 

all the element processore Into a plural number of groups and fbnning an Infbmiation transmission link of oonvergenoe 
s flag Inlbnnation bus fbr each group to realize parallel execution of Judgement of convergence. 

[0478] In Rg. 52, 181 is a oonveigence flag Information bus fbr grouping all the element processors Into a plurel 
number of groups and connecting the convergence Judging units 183 Inside the respective element prwessors 3k. 3m 
in the groups In the shape of a ring to transmit the convergence flag to the convergence Judging units 183 Inside the 
adjacent respective element processors 3k. 3m, and 182 is a convergence infbnnatlon bus for transmitting the con- 
to vergenoe Infbnnalion of the respective groups by connecting between the convergence judging unit 183 and the host 
computer 1 and provided in one specific element processor 3m In each group. 
[0470] ineachgroup,theconvergenceJudglngunH183ofa8pecfficelementproce8Sore3minw^ 
Infbrmatlon bis 182 Is provided receives Internal Infbnnatlon flag Indicating conveigence Item the prooesaing unit 5 
Inside and, at the same time, transmits convergence flag 1 . for example, If convergence Is reached, to the convergence 
15 Judging units 183 of the adjacent element processors 3k through the convergence flag Infonnation bus. Hers, the 
convergence flag information bus 181 connecting between the convergence Judging units 183 of the element proces- 
sors In the group In the shape of a ring is provided with a function of transmlthng infbnnatlon in one direction only. Said 
convergence judging unit 183 off the adjacent element processor 3k takes the togteai product (AND) of the internal 
infbmiation flag (= 1) from the processing unit of the element processor 3k it belongs to and the convergence flag (= 
20 1) from the convergence judging wiit 183 of the adjacent element processor 3m and. if it Is found true (= 1). further 
sends out oonveigence flag 1 to the oonveigence Judging unit 183 of the acflaoent element processor 3k through the 
convergence flag Infbnnatlon bus 181 . 

[0480] The respective convergence Judging units 183 connected In the shape of a ring perfbrm the procedure of 
taking the logical product (AND) of the Intemd inffomiation flag (= 1) from the processing unit of the element processor 

26 3k they belong to and the conveigence flag (= 1) from the convergence Judging unit 183 of the adjacent element 
processor 3k and, If It is fbund tnie (= 1), fbrther sendfrig out convergence flag 1 to the cxxivergence Judging unit 183 
of the adjacent element processor 3k through the convergence flag infonnation bus, one afler another In the order of 
connection of the convergence flag Infonnation buses 1 81 . Rnally, at the point in time when Itie convergence flag (= 
1) is r^med to the conveigence Judging unit 183 of the spedfte element processor 3m whtoh flrst transmitted the 

«J convergence flag as 1, (the oonveiganoe Judging unit 183) Judges that ail the element processors 3 In the group con- 
verged and send out conveigence infonnatton (= 1) to the host computer 1 through the convergence Infbmiation bus 
1 82. The host computer 1 Judges that the computation of all element processors 3 converged at the point in time when 
it received oonveigence Infbnnatlon (= 1) from ail the groups and completes the computation. 
[0481] By constructing the system this way, ih& judgement of convergence fbr each group is formed in parallel and 

36 the time Ibr Judgement of convergence can be shortened. 

[0482] While In the above embodiment the convergence Judging units 183 divide the element processors anwiged 
In the shape of lattice into groups and control the convergence Infonnation of such groups, the same eflbda can be 
obtained regardless if this grouping is made by columns or at random as a matter of course. IWoraover, while In the 
above embodiment the internal infonnatton flag, the convergence flag infonnatton and the convergence Infonnation 

40 were explained respectively as iogtoal values of 0 or 1 , whatever value may be given to them If only Judgement of 
convergence or not can be made. Moreover, it is all right If a conveigenoe Infbnnatton bus 182 is provided in one 
element processor 3m and there Is no need of Instaiilng It in all the element processore. 
[048Q IWoreover, any of the element prooessore may be selected as spedflc element processor 3m. 
[0484] Next, explanation will be given on the thirty-fifth embodiment of the present invention. 

46 [0485] Rg. 53 is a block diagram showing the constmction of element prooessore constituting a multi-processor fbr 
realizing reductton of the load on host computer at the timewhen Judgement of convergence Is made In parailel. More- 
over, Fig. 54 Is a general construcOon drawing of the muiti-pnDcessor composed of the element processors incScated 

[0488] In Fig. 63, 181 Is a oonveigence flag InlbnnaUon bus Ibr grouping all the element processors 3k, 3p, 3q into 
w a plural number of groups and connecting the convergence judging units 183 inside the respective element processore 
In the groups In the shape of a ring to transmit the convergence flag to the convergence Judging units 183 inside the 
adjacent respective element prooessore, 182 Is a convergence Information bus provided in at least one element procr 
esaor 3p, 3q In each group and connecting, In the shape of a ring, the convergence judging unit 183 of the element 
processore 3p. 3q in whteh it is provided, and 186 is an end Infbnnatton bus provided In at least one element processor 
93 3p Of all groups and connecting b^ween the convergence Judging unit 183 of the element processor 3p and the host 
computer 1. 

[0487] When grouping Is made as shown In Rg. 54, the oonvergence judging unit 1 83 of a specific element processors 
3p in the group In which the oonveigence infbnnaUon bus 182 is provided starts Judgement of convergence and, upon 
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receipt of Internal information flag indicating convergence from the processing unit 5 irmlde, transmits convergence 
flag 1 , for example, If convergence is reached, to the oonveigence Judging units 183 of the adjacent element processors 
3k Ihiough the convergence flag information bos. Here, the convergence flag Information bus 1 81 connecting between 
the convergence Judging units 183 of the element processors 3ic, 3p In the groisp In the shape of a ring Is provided with 
a function of transmitting Infonnatlon In one direction only. 

[P488] Said convergence Judging unit 163 of the adSacent element processor 31c taices the logical product (AND) of 
the internal Information flag (= 1} from the processing unit of the element processor 3k It belongs to and the convergence 
flag (= 1) from the convergence Judging unit 183 of the adjacent element processors 3p, 3q and, if it is found true (= 
1), further sends out convergence flag 1 to the convergence Judging unit 163 of the adjacent element processor 3k 

10 through the convergence flag information bus 161 . 

P1488] The respective convergence Judging units 163 connected in the shape of a ring perform the procedure of 
takmg the logical product (AND) of the Internal Infonnation flag (= 1) frt)m the processing unit of the element processor 
3k tiey belong to and the convergence flag (= 1) from the converg^oe Judging unit 183 of the adjacent element 
processor 3k and, if It Is found true 1), further sending out convergence flag 1 to the convergence Judging unit 183 

15 of the adjacent element processor 3k through the convergence flag information bus, one after another in the order of 
connection of the convergence flag information buses 181. Rnaify, at the point In time when the convergence flag (= 
1) is returned to the convergence Judging unit 163 of the specific element processors 3p, 3q which first transmitted the 
convergence fi^ as 1 , (the convergence Judging unit 163) Judges that the element processor 3p or 3q in the group 
converged. 

20 BI49(Q Moreover, when the convergence Judging unit 1 63 of any specific element processor Inside the element proc- 
essors 3p provWed with an end Information bus Judged that the element processors 3p, 3k to which It belongs con- 
verged, transmtts convergence hfonnation (= 1) through the convergence infonnatlon bus connected In the shape of 
a ring. Here, the convergence flag Infbmnation bus 182 connecting between the convergence Judging units 183 of the 
element processors 3p, 3q In the group In the shape of a ring Is provided with a function of transmitting information in 

2ff one direction only. 

[0491] The element processor 3p of a pred^ennlned group transrmts (information) to the element processor 3q 

provided with a convergence infomnation bus 182 of the adjacent group. The convergence judging unit 183 of the 
element processor 3q provided with a convergence Infomnation bus 182 of said adjacent ^oup takes the iogteal product 
(AND) of the convergence Infonnatlon (= 1) of the group It belongs to and the convergence Infonnatlon (= 1) of the 

30 adjacent element group and, if it is found tme (= 1). further sends out convergence information 1 to the oonveigence 
Judging unit 183 of the adjacent element processor 3q through the convergence flag Informalton bus 182. 
[049Z] As explained above, the respective convergence Judging units 183 connected In the sh^ of a ring perform 
the procedure of taking the logteai product (AND) of the convergence information (= 1} of the group they befong to and 
the convergence information (=1) from the adjacent group and. If it is found true (= 1 ), further sending out convergence 

95 information 1 to the convergence Judging unit 183 of the element proGe88or3q provided with a convergence infbrmatlon 
bus 162 of the adjacent group through the convergence flag Infonnatton bus 162, one after another in the order of 
connection of the convergence Information buses 162. 

[0493] Finally, at the point in time when the convergence Informatfon (= 1) is returned to the convergence Judging 
unit 163 of the specific element processor 3p whk:h first transmitted the convergence flag as 1, (the convergence 
40 Judging unit 163) Judges that ail the element processors 3k, 3p, 3q in the group converged and sends out end Infbmnaflon 
(= 1) to the host computer 1 through the end Informaflon bus 186. The host computer 1 Judges, at the point In time 
when it received the end infomiallon (= 1), Judges that the computation of ell element processors 3k, 3p, 3q converged, 
and completes the oomputetion. 

[0494] By GonstmcUr^ the system this way, It becomes possible to alleviate the load of the host computer at the time 
45 when the Judgement of convergence Is made in parallel, and to fljrther inaease the computation speed. 

[0495] While In this embodiment the convergence Judging units 160 divide the element processors an-anged in the 
shape of lattice Into groups by fines and control the convergence information of such groups, the same effiects can be 
obteined regardless If this grouping is made by columns or at random as a matter of course. Moreover, while in the 
above embodiment the Internal Ihformatton fl^, the convergence flag Informatton and the convergence Infonnatlon 
50 were explained respectively as logical values of 0 or 1, whatever value m^y be given to them if only Judgement of 
convergence or not can be made. Furthermore, it is all right if a convergence Information bus 162 is provided In one 
element processor 3p or 3q and there Is no need of installing It in all the element processors, in addition, it is ail right 
If an end Infbmnation bus 186 is provided in one element processor 3p and there is no need of installing It In aD the 
element processors. 

55 [0496] Moreover, any of the element processors Inside the group may be selected as specific element processor 3p 
and 3q, and any element processor representative of the group may be selected as spedfic element processor 3p. 
[0497] IMext, explanation will be given on the thiriy-sbcth embodiment of the present Invention. 
[0496] When computetion Is executed on a multi-processor, there are cases, though quite rarely, where non stable 
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points (non converged points) patrol. This kind of so-caOed 'oscillation phenomenon" must be detected. 

[049q Detection of "oscillation phenomenon" can be made by Judging convergence for the second time after onoe 

Gonfimiing conveigenoe in aH element processors, and this makes it possible to judge convergence with a fairly high 

accuracy. 

[0500] To be concrete, an end flag Is transftoed In order according to a predetermined route to form Jw^ement of 
convergence of the entire computation. 

[0501] Rg. 55 is a conceptual drawing showing an example of the route for transferring end flag. lnRg.55, 1908nd 
191 are lattice points obtained as a result of digitizing of a two-dimensional space. Moreover, the anow mark line 192 
linking the respective lattice points indkates the route through whteh the end flag Is transferred. 
[0502] The processing forjudging convergence at the resp^ive lattice points will be explained hereafter. When 
conveigence is confinned for the first time after the arrival of the end flag Irom the adjacent lattice point, the end flag 
la transferred to the subsequent latltoe point 

[0503] Fig . 56 Indicates a flow chart for the respective lattice points to cany the end flag to the adjacent lattk» point, 
except for ttie processing of the lattice point 190 which serves as the starting point of the end flag. 
[0504] As shown in Rg. 58, first, Judgement is made whether ornc^ a message carrying the end flag arrived from 
the adgacent lattice point (step ST20), If a message carrying the end flag anived from the adjacent lattice point, (the 
convergence Judging unit) drives the convergence Judging processing of the own laKtee point, waits until the processing 
of the own iattioe point reaches convergence (step ST2^) and, at the point in time where convergence Is reached, 
transfera a message carrying the end flag to the next Iattioe point through the prescribed route (step ST22). 
[0505] Rg- 57 lndk»tes a flowchart for the sending out of the endflag atthe lattice point serving as the starling point 
for the transfer of end flag. As shown in the chart, (the convergence Judging unit) Judges convergence of the processing 
of the own latttoe point only at the tatttee pdntaeivingasttie starting point of the endflag (8tepST26)and, if convergence 
is reached, transfers a message canying the end flag to the next lattice point ttvough the route Indteated in Rg. 65 
(step3T26). 

(OSOq After passing through aQ the lattice points as described above, the end flag is tie nsfoned to the host computer 
and convergence is conflmned. In this multi-processor of ttie thirty-fiflh embodiment, after once convergence is con- 
firmed, the above process Is r^)eated to ensure the Judgement of conveigence. 

[0507] As explained above, this embodiment is realized in such a way that the convergence Judging prcx:es8ir>g of 
the own latttoe point is started with Input of a message carrying the end flag in the processing at respective lattice 
points and that a message canying the convergence Judging flag Is output If convergence is reached in the processing 
of the ovm lattice point, and this makes It possible to Judge convergence of the entire system conectly even in the 
presence of any unstable lattice points. 

[050?1 Moreover, while in this embodiment explanation was given on e case where the processing for judgement of 
convergence for the processing of the own iattioe at the latttoe point senHng as the starting point of the end flag is 
constantly driven, the same efllscts can also be obtained even If the processing fbrjudgement of convergence b started 
ftom the host computer, as a matter of course. 

[0509] in ttils kind of Infomiatlon processing system, ttie solution of equations Is atoned by being distributed to the 
storing means such as memory, etc. assfened to the respective lattice points. For that reason. It Is necessary fo integrate 
the results of computation stored separately, perfonn processing such as visualization, etc. and display them on a 
monitor. 

[051(q This embodiment indicates a method of integrating the solution of equattons distributed to the respective 
lattice points on the host computer. 

[0511] In the thirty-sixth embodiment explanation was given on the method of Judgement of convergence about 
comptotion or not of the computation in the entire system. Namely, (ttie convergence Judging unit) sends the end flag 
In order according to the prescribed route and, after fUlly patrolOng of ail lattice pointa, sends out a message indicating 
the convergence of the entire system to the host computer. TTie host computer performs processing for verifying the 
completion of computation by receiving said message. 

[0512] Rg. 55 is a flow chart showing the relationship between the processing for judgement of convergence at 
respective lattice points and sending out of solution to differential equations. Explanation will be given on the procedure 
of Judgement of convergence and the sending out of solution to difllsrentiai equations based on Fig. 56. Firstp the 
respective lattice pdnls receive the end flag flx)m the adSacent lattice point (step ST20). Next, they Judge convergence 
of the processing of the own lattice points (step ST21 } and, afler confirmation of convergence, send out the end flag 
along the predetermined route (step ST22) while sending, at the same time, the resulta of computation at the own 
lattice points, l.e. the solution of dHTerential equations to the host computer. 

[0513] Moreover, Fig. 56 Indicates a fbnnat of message packet mC having the solution of difl^rential equations to 
be sent out to the host computer. Hie field of the message packet is composed of the respective fields of left data (first 
operand) pa3, right data (second operend) pa4, destination PE number pa1 storing the element processor numbers 
to whteh to transf^ the message packet and destination node numbere pa2 storing the address of Itie command to be 
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executed next. 

|!0514F] The left data field, right data field, destirmtion element procesGor number and destination node number in the 
message packet acoonSng to this embodiment aie given as fbliows: The left data field Is a value (ffuncOona) value) at 
the lattice point concerned of the solution of differential equations. The right data field Is the idenfiflcatlon number of 
0 the lattice point concerned. The destination eiement processor (PE) numbers are numbers assigned by the host com- 
puter to the element prooessois and the destination node numbers are results. The results are predetermined vaiues 
and Indicate that the message packet stores the results of computation at respective lattioe points. 
110516] If such message packet is received by the host computer, the system makes the fdlkiwing actions: 

10 (1) Checks the filed of the destination node number end, because the value is a result, confirms that the message 
packet concerned is the results of computation at the respective lattice points. 

(2) l^ds out the number of iatttee point stored in the right data field and the sdutkin of a diflierentiai equation 
stored In the left data. 

(3) Determines the address by a predetemnlned method from the lattice point number and stores the value of the 
15 solution of a differential equation at the iatOce point concerned in storing means such as memory, eta 

[051 5] As explained so far, this embodiment Is realized in such a way that (the respective latltoe points) transfer the 
results of computation at the own l8ttk» points (solution of dlfTerential equations) to the host computer as soon as they 
confinn convergence of the computatton at respective latttoe points, and has the efl^ct of getting the data of final results 
20 ready on the host computer at the point In time when the completion of the solving of a differential equatton under 
exeoition is oonflmied. 

[0517] While the twenty-ninth embodiment premises assignment of the processing of one lattioe point (program) to 
one element processor, the twenty-fifth to twenty-eighth embodiments premise that the processing of a plural number 
of lattice points is assigned to one same element processor and that the exchange of data between lattice points is 
25 made througjh the data memory Inside one same element processor. The respective embodiments will be explained 
In detaD hereafter. 

[0518] Explanation wID be given on the thirty^eventh embodiment of the present invention. As anottier method of 
detecting circulation of un8tat>ie lattice points (non converged points) conceivable is a method of Judgement of con- 
vergence whtoh consists in confirming convergence of ail lattice points in multiplex ways by transferring the end fiag 
30 through a plural number of routes passing through dl the lattice points. 

[0619] To be concrete. Judgement of conveigence can be fbrmed in multiplex ways by exchanging the end flag in 2 
directions of tongitucflrml and transversal directions. 

[05701 Rg. 59 indicates a conceptual drawing showing the route of transfer of the end flag in this embodtmeni 
01521] In the drawing, 193, 194 and 195 indicate square iattk^s in two-dimensional space, the arrow marie indicated 
35 with solid line indicates the route of transfer of the first end flag 196 and the arrow marie indicated with dotted line 
indteates the route of transfer of the first end flag 197 respedively. in this embodiment, circulation of non converged 
points can be detected t>y making the routes of transfer of the first and the second end flags orthogonally intersect 
each other. 

[0522] Fig. 60 indteates a flow chart for the respective lattice points to cany the end flag to the adjacenft lattice points, 
40 except for the processing of lattioe points 193, 196 sending as starting pointB for the end flag. 

[0523] As shown in Fig. 60, Judgement is n^de first on whether or not a message of Judgement of convergence 
arrived fiom the adjacent lattice point (step ST30). If a message canying the end flag arrives from the adjacent lattioe 
point, the lattk» point drives the convergence Judging processing of the own lattioe point, w^ts until the processing of 
the own lattice point reaches convergence (step ST31) and, at the point in time where convergence is reached, judges 
45 if the end flag which arrived betongs to the first route of transfer or to the second route of trensferp and transfers a 
message carrying the end flag to the next lattice point through the prescribed desired route (step ST32). 
[0524] Rg. 61 indicate a flow chart for the sending out of end flag at the bttice point serving as starting point for 
the transfer of end flag. As shown in the drawing, the lattioe point serving as starting point of end flag flrst judges 
convergence of the processing at the own lattioe (step ST40) and, if convergence Is reached* stores the flag showing 
60 that it belongs to the first or the second route of transfer In the convergence message (step ST41 ), and then sends out 
a message canying the end flag to the next iatt'ce po&it through the route indicted in Fig. 59 (step ST32). 
[0525] At that time, the lattice point stores in the value of the end flag a value oomesponding to either the first route 
or the second route to which ttie end flag belongs. On the basis of this value, other lattice points can detemnine the 
route of the arriving end flag. 

85 [0525] Aa explabied above, two or more routes for irwstening fiag for judging convergence are provided and this 
maices it posslbfe to ooneotly Judge convergence of the entire system even in the case where unstable lattice points 
exist. 

1^527] While In this embodiment a flag value was used for indicate on which of two routes the end flag Is transfened, 
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it 18 apparent that Ihe same eflads can be obtained also wtien programs for processing end flag are provided separateiy 
so that the program for Judging convergence may be started for each transfer route of end flag at the time of arrival of 
the respective end flags. 

pszq Next, Explanation will be given on the ttilrty-elghth embodiment of the present Invention. Explanation wfll be 
given on the procedure of detecting unstable lattice points in the computation of convergence using muftl-pitKjessor 
in the case where there is a possibility of existence of unstable lattice points. 

10520] Rret, In the same way as in the thirty-fifth embodiment, the lattice point transfera an end flag to the host 
computer through all the lattice points along the predeteanlned route. Next, the host computer transmits a message 
tbr stopping the processing of all lattice points and, as a result, stops all processing operations. After that, it detects 
patrolling of unstable lattice points by checldng for convergence again. Accurate Judgement of convergence can be 
realized also with this method. 

[05301 Rg. 62 Is a flow chart indicating the content of processing relating to the Judgement of convergence of the 
respective latfloe points In this embodiment 

I0B31] The processing relating to Itie Judgement of convergence of the respective lattice points will be explained 
based on Rg. 62. In (his embodiment, a memory ore register for storing the results of judgement of convergence is used. 
[05321 In step ST50, the lattice point Judges if a message carrying the end flag enived from the adjacent lattice point 
or not. If a message canying the end flag arrived from the adjacent lattice point, tiie lattice point drives the convergence 
Judging processing of Ifie own lattice point, walla unta the processing erf the own lattice point reaches convergence 
(step ST51) and, at the point In tinrte where convergence is reached, transfers a message carrying the end flag to the 
next lattice point through the predetemilned route as shown In Rg. 55 (step STC3). At that time, the lattice point clears 
OTid memory (step and starts the program for processing judgement of convergence (step ST54). The program 
tor processing judgement of convergence Judges If the processing of the own lattice point is in the state of non con- 
vergenoe ornot and, when it is Judged as in the state of non convergence, writes a flag Indicating the state erf non 
convergence of own lattice point In said memory. 

[053?I Moreover, while the processing for judging convergence at the lattice point serving as starting point of a 
message carrying the end flag is, as shown in Rg. 36, basically the same as tiie processing of the lattice point serving 
as starting point of a message carrying the end flag In the tWrty-slxlh embodiment, Iho lattice point clears said memory 
(step STB1) and drives the program tor processing Judgement of convergence (step ST63), In addition to that process- 
ing. The program for processing Judgement of convergence Judges if the processing of the own lattice point is in the 
state of non convergence or not and. when it is judged as in the state of non convergence, writes a flag indicating the 
state of non convergence of own lattice point in said memory. 

PI534] After that, a message carrying the end flag Is transferred to the host computer. Upon receifrf of the message 
carrying the end flag, the host computer transmlte a message for stopping the processir^ of predetermined lattice 
points. 

[053q The lattice point which received said message for stopping the processing stops the processing and, at the 
mme time, transmits the message for stopping the processing to tiie next lattice point along the predetermined route. 
TDe iattioe point which received the ntessage tor stopping the processing pertomw the same stopping operation. After 
the processing of ail lattice points is over, the host computer reads out said memory assigned to the respective lattice 
points and. In the case where all results of reading are zero. It means that the object computation converged. If any of 
said results of reading Is found to be otiier than zero, the above-mentioned processir^ wfll be repeated. 
[0636] Rg.64indlcatesaflowchartforthelatticepdnt8to«topproce8slng.Thehostcomputerta^^ 
for stopping processing at a predetermined lattice point only. The predetermined lattice points Judge arrival or not of 
the message for stopping processing (step STTO). They stop the processing If the message for stopping processing 
arrWes (step ST71 ). While In this embodiment expianatton was given on a case where a message for stopping process- 
ing at a predetemnined lattice point only is transnrtitted from the host computer, the same efleds can also be obtained 
even If this message Is sent to ail or a plural number of lattice points slmulteneousiy or In time sertes. 
[9537] Moreover, while in this embodiment explanation was given on a case where processing at lattice point Is 
stopped with a message, the same effects can also be obtained, when the element processora constituting the multi- 
processor according to the present Invention are provided wHh a mechanism for receiving Inlermpt signals, even If the 
processing is stopped with an inten-uptton made by the host computer to said element processore. 
[953q Furthermore, while in this embodiment expianation was ghren on a case virfiere a memory for storing a flag 
indicating non converged state of lattice point Is assigned to each lattice point, it Is apparent that the same effects can 
also be obtained If only at least one memory exists In the system. Moreover, if the element processors constituting 
said multi-processors are of a construction having a register, flie same effects can be obtained also with the use of the 
register. 

[0539] Next, explanation will be given on the thirty^nth embodiment of the present Invention. 

[0540] In the thirty-sixth to thirty-eighth embodiments, expianation was given on a case where, a message carrying 

a flag Indicating that the processing of the own lattice point reached a state of convergence is transferred along the 
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predetermined route, and that message is transmitted to the host computer and then the host computer starts the 
processing for detedir^ "oscillation phenomenon" explained In the thirty-sixth emtxidiment 
[0541] However, though quite rarely, there may be cases where the state of oonvetgence Is not reached Ibr a long 
tinoe depending on the boundaiy conditions, etc. 

10642] Explanation wOl be given hereafteron the method of Judgement of convergenceof the inlbmnatlon processing 
system workable even In a case where the system gets In a state of constant Instability as mentioned above. 
PI543] in case said convergence message is not transferred to the host computer tor a certain period of time after 
the processing time is measured with the timer on the host computer or the watch-dog Hmer frwtalled on the aystem, 
etc., the processing program of the respective lattice points perfomis the foliowing processings (1), (2): 

(1) Relax the standards of Judgement of convergenoe at respective lattice points than usual. 

(2) Attach, to the message to be transferred, a flag Indicating that the Judgement was made by using relaxed 
standards of Judgement. 

[0544] By perfbmning the processings (1), (2), it becomes possibie to prevent the system from getting Into a state of 
constent Instability 

[054q r<toxt, an embodiment for realizing the processings (1 ), (2) will be explained based on the thirty-sixlh embod- 
iment. 

[0546] Fig. 65, Rg. 66 indicate flow charts of processing for Judgement of convergence at respective lattice points 
necessary for realizing the processings (1), (2). Fig. 65, Rg. 66 oonespond to Fig. 56, Fig. 57 explained in the thirty- 
sbdh embodiment re^>ectiveiy. 

pi647] Rg. 65 indicates a flow chart showing the processing for Judgement of convergence at lattice points other 
than the lattice point which aenm as starting point of the flag. 

[0546] As shown in the drawing. Judgement is made first on whether or not a message canying an end fteg anived 
from the adjacent lattice point (step ST60). If that message mived, the lattice point judges if a flag indicating relaxation 
of the standarcfe of Judgement is attached to the message or not (step STB1). 

pi546] if this message has no flag indk»flng relaxation of the standards of judgement, a convergence Judging de- 
termine to performing according to the normal standards of Judgement (step STB2) and the Judgement of convergence 
or not is made (step ST63}. if convergence is reached, the lattice point sends out a oonveigenoe messege to the 
adjacent lattice point (step ST84). 

1^550] If, after the convergence message Is input fmtt the acQaoent lattice point, this message Is found to have a 
flag indicating that the judgement was made by using relaxed standards of Judgement, the lattice point fonns Judgement 
of convergence of the own lattice point by using the second standards set In advance (steps ST85, ST66), and sends 
out the message to the next lattice point by attaching a flag indicating relaxatbn of the standante of Judgement to It 
(step STB7}. 

[0551] Rg. 66 indicates a flow chart showing the processing for Judgement of convergence at the lattice point which 
serves as starting point of the flag. Rg. 66 indicates the procedure of a case In which the lattice point fonm Judgement 
of convergence of the own lattice point by using the second standante set In advance If It receives a message Indicating 
change of the standards of Judgement of convergence from the host computer, and sends out the message to the next 
lattice point by attaching a flag Indicating relaxation of the standards of Judgement to it The lattice point Judges arrival 
or not of the Instmction message fbr changing the standards of Judgement of convergence f^m the host computer 
(step STQO). If the instruction message arrived, the lattice point changes the standanfe in step ST91 . and Judges if the 
processing of the own lattice point converged with the given stendanis or not (step ST92). If the processing of the own 
lattice point converged with tiie given standards, Judgement Is made on if there has been a change of the standards 
of judgement of convergenoe or not (step ST93}. The lattice point sends out tiie convergence message as it is to the 
adjacent lattice pdnt (step STOS) If there was no change of the standards of judgement of convergence, but sends out 
the convergence message to the adjacent lattice point (step ST85) by attaching a flag indicating relaxation of the 
standards of Judgement to H (step ST94) If there has been a change of the stondards of judgement of convergence. 
10552] in both ttie thirty-seventh and tiiMy-eighth embodiments, it is apparent that the furiction for realizing said 
processings (1 ), (2) can be supplemented In the same way as in the thlrt^nth embodiment 
[055^ Next, explanation vrili be given on the fortieth erhbodiment of the present Invention. This embodiment is char- 
acterized witti the method of judgement of convergence which consists in detecting unstable lattice points in the oom- 
putatton of convergence using a multi-processor. 

PIS54] in tills embodiment, the system Is provided wltii a convergence Judgbig program convergenoe Judging unit 
forjudging convergence or not of the computation at respective lattice points and a register (CREG) or memory for 
storing the state of convergenoe. CREG can be cleared to zero from outside at optional timing end Is set fbr 1 when it 
Is judged that the computation of the lettice point concerned has not converged yet. 

[0555] The judgement of convergence of the entire system Is made by the procedure indicated below. Rg. 67 indi- 
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Gates a flow chart oorrespondlng to that procedure. 

(1) Clears the CREG registers corresponding to aii the lattice points to zero (step ST100). 

(2) Walts for a time auflicient for teimlnatlng one time of prac^ng of aD the iattloe points (step ST101). 

9 (3) Reads the said register of all the lattice points to make sure that It remains 0 (step ST102). 

(4) Repeats the processings ( 1 } to (3) in case 1 1s read out even at only one lattice point Terminates the processing 
if the value of said register for all the iattlce points Is 0 (step ST103}. 

[OSSq While In this emt)odiment 1 is written In said CREG rsgistBT In the case where the convergence Judging pro- 

10 gram Judged that convergence Is not yet reached, this processing may be Incorporated in the program from the begin- 
ning, or may be made by starting said Judging program by rewriting the program once after the convergence of com- 
putation of the lattice point concerned, for operating said CREG register. 

[0557] Moreover, whiie in this embodiment ocpianatton was given on a case where a register la assigned to each 
lattice point storing means fbr atoring the state of convergence of the computation of lattice points, It is apparent 

15 thatthe same effects can be obtained also by using memory as said storing means. In addition, whOe in this embodiment 
explanation was given on a case where either a register or a memory element is assigned to each lattice point, no less 
than one piece of such register or memory will be enough In the entire system. Needless to say, assigning no less than 
one piece of aald storing means to each element processor will be mors effedhra In the case where the convergence 
Judgement method according to the present Invention on a system constructed with a multi-processor. 

20 [0558] As explained above, this embodiment, which Is provided with at least one storing means fbr storing the state 
of non convergence, means for clearing ail such storing means to zero and means for reading the content stored in 
such storing means for making sure that their values are ail zero. Is capable of Judging convergence without error even 
in the case of presence of some non converged points. 

[0550] Moreover, the processing program of each lattice point writes "1" in the register (CREG) when the lettlce point 

25 concerned got in the state of non convergence In this embodiment. With the addition of "r, it becomes possible to 
know the number of lattice points which got In the state of non convergence, by finally reading out the value of CREG. 
In this way, If the processing program for each lattice point is conatruded in a way to add *r to the content of CFIEO 
In case the lattice point concerned got In the state of non convergence, it has an efTed of making It possible to shorten 
the processing time by making modification of standards of Judgement of convergence, adjustment of coarseness of 

90 lattice points, etc. based on the final value of CREG. 

[0560] The Inventtons of the thirty4ir8t to thirty-ninth embodiments not only are effoctlve for an ordinary multl-proc- 
esaor having a plural number of processors as a matter of course but also have an effisct of making It possible to 
operate the element processors ind^ndently even during Judgement of convergence end improve the Bccaracf of 
the solution by combined use with an information processing system allowing independent operation of element proc^ 

95 essors such as that of the first embodiment, etc. 

[0561] Next, ^anatton will be given on the forty-^irst embodiment of the present invention. 
P56Q Rg. 71 Is a block diagram showing the network constmctton composed of an I/O controller and data memories 
for holding data communication between mutuaQy acQaoent element processors according to the forty-41i^ embodiment 
of the present Invention. In Fig. 71, 3t Is an element processor not having any data memory or I/O contrelier for com- 

40 munication with data memory In^de, 300 are data memories ananged on the network, 301 Is an I/O contnolter for 
d^erminlng access route between element processor 3t and a plural number of date memories 300 and controlling 
data communication between element processor and date memories 300, 302 ere date buses connecting between 
element processor 3t and I/O controiler for date communication, and 303 are oonnedfons between element processors 
connecting between element processor 3t and data memories 300. 

45 [0563] The I/O controller 301 is connected with 4 date memories 300 here, and the respective date memories 300 
are connected to other I/O controllers which are connected to the adjacent element processors of the element processor 
at. However, the number of date memories 300 connected to the I/O controller 301 is not limited to 4. The number of 
date memories 300 connected to the respective I/O controllers 301 determined d^ending on the state of networic, 
and the state of networic is detemolned depending on the mode of respective analyses. 

50 [0564] The element processor 3t sends a demand for access to memory to the I/O controller 301 through the date 
bus 302. The demand for access to memory contelns a date of direction oi communication showing in which of the 4 
directtons to have access to the date memory 300 and a descriptfon of the address number of the memory space of 
the specified data memory 300. The 1/0 controlie 301 switches the direction of communteatlon according to this demand 
for access to m&nory to enable access to the specified date memory 300 among those In the 4 directions. And, the 

55 data of the address No. described In the memoiy access demand passes through the connection 303 between element 
processors, the 1/0 contrdier 301 and the date bus 302 to be given to the element processor 3t. This date given to the 
element processor 3t Is a date which was written In advance by an adjacent element processor, for example, and is a 
data of equal value as that ghren by direct communication with the adjacent element processor. 
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Moreover, needless to say, when having aocess to a plural number of date arranged regularly on the memory, 
it is possible to realize continuous access to those data by sending the forefront address and the addressing mode of 
such data from the element processor 3t to the I/O contreOer 301. 

ipseq As gained above, by constructing a network with the I/O oontroiler 3Q1 placed among data memortes 300, 

9 It becomes possible for the adjacent element processor to have access at high speed to the data menrwry 300 In whlc^ 
data Is written, even In a case where the I/O controller 301 is not mounted Inside the element processor 3t. 
[0587] In the network construction lndk»ted In Fig. 71 , In which the element processor 3t and the 1/0 controil^ 201 
were connected directly to each other through the date bus 302, It Is necessary to build the system actions in a way 
to avoid colilston of demands for n^rence^renewai because of the direct connection. In case of colliston of demands 

10 for reference/renewal to one same memory, the prooesdng is interrupted, leading to an increase of access time. 
[0568] The network construction indicated In Fig. 72 Is provided with a tHifter mechanism for temporarily storing 
memory access demands sent from the etement processor 3t to the I/O controller 301. In Fig. 72. 304 is a buffer 
mechanism for temporarily storing memory access demands sent from the element processor 3t to the I/O controller 
301, and other parte of the same codes with those In Rg. 71 are parte oon^ponding to those of the same codes in 

15 Fig. 71. 

10580] In a mufti-precessor constructed as shown in Fig. 72, one date memory 300 is shared by mutoally adjacent 
element processors. There Is a possibility that 2 mutually adj^»nt element processors have access to one same 
memory simulteneously. TYie buffer mechantem 304 temporarlly stores requeste for reference/renewal to data memory. 
If any request for referencefrenewal b stored In the buffer ntechanism 304, the element processor 3t can execute 
2D processing regardless of acqulsitton or not of date from the date memory. Even in the case of collision of requests tor 
reference/renewal to one same mernory address, speedier access to memory becomes possible without any intemip- 
tlon of the processing. 

piSTiq Rg. 73 Indtoates a lattice type network topotogy most suitebto to theima] hydraulic analysis formed by con- 
necting a plurel number of etement unite Indicated In Rg. 71. In the two-dimenstona! lattice type network explained In 

20 the eighth to eleventh embodiments, element processors are arranged at polnte of Intersection of latfices. As shown 
In Rg. 73, In the case where the I/O controller 301 is placed outskto the element processor 3t, the I/O controller 301 
is disposed at the position of Intersection of latttees. The element processor 3t corresponds to the I/O controller 301 
at 1:1 and the I/O controller 301 and the element processor Stare connected to each other through the date bus 302, 
and the I/O controller 301 Is ateo connected with 4 date memories 300. 

^ [0571] 1 n this way, by connecting varloi» devices such as element processor 3t. date memories 300, etc. centering 
on the I/O controller 301 , it becomes possible to construct a two-dlmenstonal lattice type network and ^ecute memory 
access b^ween mutually adjacent etement processore at high speed. 

[0572] Naturally, it is also possible to oonstaid a network based on a one-dlmensionai pipeline topotogy by using 
the I/O controller 301 Rg. 74 is a block diagrem showing part of the network of a muitl-prooessor system constnided 
9S in the shape of a one-dlmenstonal pipeline topotogy. In the case of a one-dimensional pipeGne topology, the number 
of date memories 300 connected to the I/O controller 301 te 2. 

[0573] Needless to say, by thus constmcUng a network through the I/O controller 301 , it becomes possible to speed 
up the access to date memories 300 by the element processor 3t also In a one-dimensional pipeline type network in 
the same way as with a two-dimensional lattice type network. 

40 [QB74] Moreover, a similar constmctlon Is also posslbte in a case whens element processors anD ananged three- 
dimenaionally. As shown in Rg. 76, In a three-dimenstonai constmctton, 6 date memortes 300 are connected to one U 
O controller. For example, a plurel number of lattice type netwoifc topologies Indicated In Fig. 73 may be pteoed one 
upon another into a three-dimensional construction, in Fig. 75, the I/O controOers 301a and 301 b belong to lattice type 
network topologies on different planes. Those two I/O controners 301a and 301b share one date memory 300. in this 

40 way, by connecting various devtoes such as element processor 3t, date memories 300, etc centering on the I/O oon- 
trollere 301a and 301b, It becomes possible to constmct a three-dimenstonai tettioe type network and ^ecute memory 
access between mutually adjacent element processors at high speed. 

[057^ Furthermore, while this construction is applicable in optional networlcs, it is also possible to have date com- 
munication with a remote element processor 3t, located in the neighborhood, otherthan the adjacent element processor 
3t In a lattice type network topology as shown In Rg. 73, for example. For exampte, by providing an area in which to 
write date of a prescribed element processor in the date memory and copying that area with the I/O controller 301. It 
becomes possible to obtain date of an element processor located at a certain distance from the adjacent etement 
processor 3t. 

[057q The constmctlon may also be made in such a way that the etement processor outpute a request for reference/ 
fls renewal to a pturel number of I/O controllers. Fig. 76 Indteatea a constmctlon realized by applying that klea to the two- 
dimensional lattice type topology indicated In Fig. 73. As shown in Rg. 76, tlie element processors 3to, 3td can output 
a request for reterenceAenewal to the I/O controllere 301c ananged in 4 directions. For example, when holding com- 
muntoatton between element processors 3tc, they output a rei^estlbr reference/renewal to two mutoally adjacent V 
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0 oontrollers 301c sharing one data memory 300. Tliis makes it possible to hold communication between element 
processors 3to by skipping one adjacent element processor 3td. For example, this makes It possible to make selective 
use of both coarse node coupling performing computation by using element processors 3tc only and fine node coupling 
perfbrming oomputatton by using element processorB 3tc, 3td. 

8 [0577] Still more, the element processors 3t may not only be connected to the I/O controllers 301 an^nged around 
them through data bus to output requests for reference/renewal but also be connected to the IfO controllers 301 at 
more distant positions through data bus depending on the object of analysis, accuracy, eta, as a matter of course. 
[0578] Next, explanation wilt be given on the Ibrty-second embodiment erf the present lnventk>n. 
[0579] In the thirtieth to thirly-toirth embodiments, the convergence Judgement flags (1 or 0) output by the respective 

10 element processors 3k, 3m, 3p, 3q were logically multiplied one by one by means of the convergence Judging unit 180 
or the logical circuit mounted inside the convergence Judging unit 1 83, and eventually transferred to the host computer 

1 as oonvergenoejudgement Infformalton. By the way. In the case of a small-scale multi-processor system in which the 
number ofelement processors connected is tens of unit or so, it is possible to take the logical product of the convergence 
Judgement bits at suffiderrtly high speed even with the constructton indicated in the Itilrtieth to thirty-lburth embodiments. 

IS However, in the case of a iarg^-scaie multi-processor system In which the numt>er of element processors connected 
amounts to as many as hundr^ of unit, the total lime required for the completion of toglcai products in all the con- 
vergence Judging urrits 160 or the convergence Judging unit 183 and the transfer to host computer 1 of the results of 
Judgement of convergence becomes enonmous, and this reduces the effect of having a special hardware constructed 
by beating the convergence Judging units 160, for example, outside the element processor 3k, etc. 

20 [P58(q Fig. 77 is a conceptual drawing Indicating an outiine of the convergence Judging system according to the forty- 
second embodiment of the present invention. In Fig. 77, 3 are element processors, 305 are roisters for convergence 
Judgement bits fbrtemporarliy storing convergence judgement bits, 306 are convergence Judgement bit wirea tbr trans- 
mitting convergence Judgement bits output ftom the element processors 3 by connecting between the element proc- 
essors and the registers for convergence Judgement bits 305, 308 is a convergence Information signal wire for trans- 

29 mitting convergence infbnmatlon to the host computer, 309 are N type MOS transistors having a source connected to 
the grounding potential point 307 fixed at a grounding potential of Vss, a gate connected to the registersfbr convergence 
Judgement bits 305 and a drain connected to the convergence Infbrmation signal wire 308, and 310 Is a resistor having 
an end connected to the supply pcrtentlal point 311 and the other end connected to the convCTgence Irtformatton signai 
wire 308. The wired OR is composed of N type MOS transistors 309, convergence infbrmation signai wire 308 and 

30 re8istDr310. 

[0581] At le^ 1 bit of convergence Judgement bits output respectively fhom the respective eiennent processors 3 Is 
temporarily preserved on the register 305 for convergence Judgement bits through the convergence Judgement bits 
wire 306. The convergence judgement bits stored in the register 305 for convergence Judgement bits are submitted to 
togtoal multipiication by wired OR end are reflected in at least 1 bit of the results of judgement of convergence output 

39 on the convergence Infomnatlon signal wire 308. 

[0582] Now, definition will be given as a state of convergence fbr a state m which the convergence Judgement bits 
output from the respective element processors 3 ars "0^, and as a state of non convergence If they are "1". In the case 
where all of ttie respedive element processors 3 output "0", namely a state of convergence, es convergence judgement 
bits, the N type MOS transistors 309 all get in a state of non continuity, the convergence infbrmation signal wire 308 

40 outputs a supply potential of VDD through the resistor 31 0 and the host computer can recognize that the entire system 
has reached a state of convergence. 

[0583] Moreover, In the case where at least one of the element processors 3 outputs *'1*' as convergence Judgement 
bit (namely a state of non convergence), It te possible to make the convergence information signd wire 308 output a 
potential which can be considered digitally as supply potential of VDD, by setting the resistence value of the resistor 
4$ 310 suflidentiy larger compared with the resistence value at the time of continuity of the N type MOS transistors 309, 
because the corresponding N type MOS transistors 309 remain in the state of continuity. With the convergence Infbr- 
mation signal wire 308 kept at a potential wNch can be considered digitefly as VSS, the host computer 1 can recognize 
that the system as a whole has not yet reached a state of convergence. 

[0584] Needless to say, in this embodiment, definition Is given as a state of convergence when the logteal values of 
69 the convergence Judgement bite output from the respective element processors 3 are "1", and as a state of non con- 
vergence if they are "0^, and a circuit making similar actions can be constructed by changing the N type MOS transistors 
Into P type MOS transistors. 

pi58S] Byconstruclingtheconvergencejudglngunltasdescribedabove, fibecomesposslbletocontinu 
the toglcai value of the convergence Judgement bite present on aU the register 305 for convergence Judgement bite 
85 in a short time of several micro seconds or so and thus shorten the convergence Judging time while Ibrming Judgement 
of convergence independently of the processing for operations. 

PISSq Next, explanatkin will be given on the forty-third embodiment of the present invention. 

[0587] In the method of parsllellng of thermal hydrauDc value analysis by the method of dhdston of area, the compu- 



60 



EP 0696 001 B1 



tation area is divided into anaas In a number at least equal to that of element processors 3 and the computation of the 
respective area is assigned to the respective element processors 3. In the case where the communication system 
between element processors is set for iow-speed remote access of message passing type as it Is generally pradiced, 
It is possible to realize parallel operations to some extent by averaging the calculation load by maintaining the number 

9 of lattice points assigned to the dement processors 3 at about the same level but, when some unstable lattice pdnls 
exist In the divided areas, a lot of repetitive operations are required before a solution of convergence is obtained 
because of the diffisrences in the volume of processing of the element processots 3. end this produces an increase of 
the volume of processing of the element processors 3. For that reason, the multi-processor system is oonstmcted by 
asynchronous communication system completely eiiminaling any latency due to wafting for synchronization of com- 

10 munlcation, and the number of lattice points to be mounted is changed for each element processor 3, to solve the 
above-mentioned problem. 

[OSSq Fig. 78 indicates Ihe form of division of computation area Including unstable lattice points for analysis. In Fig. 
78, 313 Is the entire computation area used for the analysis, 3 14 are dhrided areas to be taken charge by the respective 
element processors 3, 316 are ordinary lattice points, and 316 are unstable lattice points for analysis where some 

15 unstable factor such as chronological change of physical quantity, etc. exists. Factors producing Instebiiity of analysis 
Include, for example, the points on which the speed of an object changes repldly, Ihe points on which the temperature 
changes rapidly, the points In vortex, the points on which a physical value changes In stationary, the points neighboring 
to the moving object or moving boundary, the points in the turning fluid, the singular points on the comer, the points of 
heat generation, the points of inflow & effluence of fluid, etc., points of movement of substance, etc. and points in their 

20 neighborhood. 

IP^q i*«Jext, explanation will be given on actions. 

[0690] In the element processors 3 taking charge of the divided areas 314 Including unstable lattice points for analysis 
316, the number of Hmes of repetition up to obtalnment of a spatial solution of convergence Increases l>ecause the 
instability of the unstable lattice points for analysis 316 has influence on all lattice points In the divided areas 314. For 

^ that reason, the number of lattice points in the divided areas Including unstable lattice points for analysis 316 is made 
smaller than the number of iatttee points In other dhrfded areas not including any unstable lattloe points for analysis 
316. This makes It possible to make up for the Increase of processing volume due to Increase of number of times of 
repetition by reducing the number of lattloe points. Moreover, by adopting asynchronous communfcation system, it 
becomes possible to execute the computation of divided areas 314 including unstable latttee points for analysis 316 

30 prior to the execution of stable divided areas 314 not Including any unstable lattice points for analysis 316. As explained 
above, by combined use of asynchronous communteatton system and uneven dialribution of iattk» points, it becomes 
possible to increase the speed of operations for convergence even in a case where unstable areas are included in the 
computation area. 

[0591] IMext, explanation will be given on the forty-fourth embodiment of the present invention. 
36 [0592] The computatton circuit used in the element processors 3 explained in the first to fiflh embodiments is mostly 
of synchronous system based on a dock provided in the element processors 3. TMs is because, at the present levei 
of technology, the relation of reaction time of elements in the drcult (element delay) > del^y due to transmisston of 
Information In the chips (wiring delay) Is established. 

[0599] However, the rapid progress of super high-speed element technology in recent years has enabled actions 
40 with an element delay of 10 ps with silicon semiconductor eiement, 6 ps wttii compound semteonductor element and 
1 ps level with Joseptison element Rtoreover, fri One with the progress of VUSi technology, the chip dimensions ex- 
panded to 15 mm x 15 mm, arKJ the numt^er of mountabie elements Is going to increase up to 3 niWlon pieces with 
logical LSI. If such pIco-second l^i Is realized, while the time up to outputting of the results of processing for an input 
In the element (element delay) Is reduced, the time required for the infbrmaUon to pass through the wiring In the chips 
46 (wiring dela^ which has so far been not questtoned becomes non negligible. If a chip is constituted with an element 
having an element delay of 1 pIco-second, the action in a single dock is guaranteed only up to a chip surface area of 
0.3 mm X 0.3 mm max. for the entire chip. So, by making a drcuit design based on an in-processor asynchronous 
system which does not synchronize actions In the chip with a dock. It becomes possible to sharply improve the process- 
ing capacity of the element processors. IMoreover, synchronous system design provMes such advantages as 0 to 
so ® , etc to be described later and makes it possible to improve robustness and high-speed operation of tiie element 
prooessore 3 and eventually achtove high-speed thermal hydreulic analysis. 

(3) Enables normal actions regardless of the amount of element delay according to the causal relattons of transition 
of signals, achieving high-speed operation. 
S5 (2) Achieves high reiiabDIty by eliminating timing fluctuattons even against external disturtiances such as voltage 
fluctuations, temperature & environmental changes, eta of the Infonnatlon processing system. 
® FacSitates the design work t)ecause no timing a<4ustment Is required. 

(3> Does not require any electric power Ibr generating dock and therefore pravkfes an information processing 
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system of low power consumption. 

[Q594] Asynchronous circuit having such characteristics can be used for the circuit in the element processors 3. So, 
explanation will be given hereafter on the t>aslc constmctlon of an asynchronous dicult 
[06951 An asynchronous system Is an aggregate of fkjncllonal modules constructed wfth asynchronous dram mu- 
tually exchanging signals. If any request for processing is made from a certain functional module A to another functional 
module B, the actions to one request for processing between the functional modules A and B ere completed with an 
exchange of 2 signals or a demand signal named "demand" Indicating the request fbr processing tietween module A 
to module B and a response signal named "response" Indicating notification erf end of processing from module B to 
module A. However, in an asynchronous system, there Is no need of any device fbr notifying the timing of anival of 
those demand signal and response signai because no synchronizing clock exists. First, for control signals, if definition 
is given as "1" for "valid" and "0" for "invalid", the transition Itself of either 0 1 or 1 -> 0 expresses the timing of 
demand or response. What is to be questtoned Is a case where the exchanged signals are data signals. Usually, data 
signals are of slngl&-wire system and can only be given In binary expressions, and there b no way of describing the 
timing of demand end response. As a solution to this problem, the exchange of data signals between e plural number 
of functional modules constructed with asynchronous circuits is made l>y using two-wire type data expressing 1-blt 
information with 2 signai wires. As two^lrs type data expressions, there are 2-wrtre 2-phase system, 2-wirB transition 
system, parity altemafmg system, etc. Among those systems, the 2^rB 2-phase system Is highly flexible and enables 
simplification of circuit constnjction. So explanation wtD be given hereafter on a case where the data signal expression 
of 2Hvire 2-pha8e system is used. 

[0596] in the data expression of 2-wlre 2-phase system. a-bH data D is expressed as In Formula 40 with two-wfae 
signals (dIpdO). 



D = 0 <^(d1,dO) = (0,1) 
D = 1 o(d1,dO) = (1,0) 
D = state of spacer >^(d1,dO) = (0,0} (40) 

[0597] For example, to transfer "1". the system perfomis a series of actions of changing the pause phase (0, 0) to 
(1 . 0) and. after the end of processing, resetting it to a state of spacer (0. 0) to get ready for the next data transfer. 
[OSaq lyjext, data transfer route based on this date expression of 2^re 2-phase system wID be examined hereafter. 
[0599] Rg. 79 Is a b\0(M diagram lowing a model of data transfer route between registers based on the data ^- 
pression of 2-wire 2-phase system. In Fig. 79. 317 are control signal buses for transfenlng control signals. 318 is a 
2-wf ra 2-phBS9 control module fbr resetting 2-wlre 2-ph8se signals after the end of processing fbr demand & response. 
319 are registers for temporarily storing signals, 320 is a two-wire lexical circuit, and 321 are two^rtrire type data buses! 
It is to be noted, however, that the two-wire logical circuit 320 in the drawing is composed of a basic logical element 
constructed based on two^re iogia 

[OOOQ] At the receipt of information of end of processing from the upper unit, the 2-wlre 2-phase contrui module 318 
generates a demand (transition 0 1). At this demand. twiHfvire ctate signal Is read out from the transferring register 
319. THe date read out lh>m the transfbn-ing register 319 is given to the two-wire logical drcult 320 through the two- 
wire type date bus 321 and Is treated by the two^re toglcai circuit 320. Moreover, the date treated by the two-wire 
logical circuit 320 is written in the destination register 31 9 through the two^wre type date bus 321 . After that, the 
2-phase control module 318 which received the response (transition 0 -> 1) generated by the register 319 transfers 
IntormaUon of end of processing to the lower unit Following the Infomnatlon of end of processing Item the upper unit, 
a command for extinction of demand (1 0) Is transferred from the upper unit, passes through the transfienlng register 
319 to the logical circuit 320 up to the destination register 31 9 to put all the two-wire signals there in the stete of spacer, 
and to eventually extinguish the response (transition 1 0) to tern^nate the operation. 

[0601] The twoHwire toglcai circuit 320 In Fig. 79 may be a circuft of whatever constmctlon if only it Is a drcuft con- 
atnicled by connecting basic logical elemente such as two-wire type AND gate, OR gate, NOT gate, etc For example, 
by realizing the entire processing unit 6 indicated in either of the fIrBt embodiment to the fifth embodiment with two- 
wire logical circuits 320. it becomes possible to realize high-speed operation in the element processors 3 even in case 
the wiring delay gete larger than the element delay. 

[0602] Needless to say, asynchronous processing not using any dock can be appited to spedfic operation columns 

only and the same efliecte can be obtained also in this case. 

[0603] It is also possible to use said different OTbodlments In combination. 

[0604] While the invention has been shown and described in detafl, the toregolng description Is In ail aspects Dlus- 
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frative and not restrictive, it is therefore understood that numerous modilications and variations can be devised wHhout 
departing the scope of the Invention as defined by the claims. 



0 Claims 

1. An infonnatlon prooesslno system (2), oon^rising: 

a plural number of element processors (3) respectively having processing units (5) for performing corr^utlng 
10 operations and associated data memories (8; 76; 300} for storing data regarding said computing operations 

for peribrming computation by assigning, regarding at least one governing equation of a field which can be 
described in at least one prescribed equation by using said plural number of element processors (3), a plural 
number of lattice points obtained by spatially dividing said field to said element processors (3); and 
a plural number of individual data buses (7) tbr having mutual communications of said data between a«l|acent 
15 ones of said element processors (3), wheiein 

saU computation is performed by opetMryg said element processors (3) asynchronously and Independently 
by using said data transmitted through said data buses (7); 

said infonnatlon processing system (2) being characterized In that each of said element processors (3) di- 
rectly writes to or reads from said associated data memories (8; 76; 300) of adjacent element pnxessors (3) 
20 through one of eald Individual data buses (7) for communication therebetween. 

2. The infomnatlon processing system (2) of Claim 1, wherein said associated data memoiy (8; 76; 300) of each 
respective element processor (3) corrprises data memory (8) within said reactive element processor (3). 

^ 3. The information processing eystem (2) of Claim 1, wherein said associated data memory (8; 76; 300) of each 
respective element processor (3) comprises shared memory (76) arranged outside said respective element proc- 
essor (3) alorig a data path between sM rsspecUve element processor (3) and an element proce8sor(3) acQaoent 
thereto. 

^ 4. The information processing system (2) of Claim 1, wherein said associated data memory (8; 76; 300) of each 
respective element processor (3) holds duplicate data of selected adjacent element processors (3). 

5. The information processing system (2) of Claim 1 , wherein a plural number of time steps corresponding to Identical 
ones ctf said lattice points are furthennore assigned to said element processors (3). 

9$ 

6. The Information processing system (2) oK Claim 5, wherein a plural number of two-dimensional planes (18), in 
which said element processors (3) peribmnlng the processing of said lattice points obtained by spatially dividing a 
two-dimensional field are twodimensionally arranged, are ananged along the time base to be constructed three- 
dimensionaiiy, when a two-dimensional analytical solution is looiced for, and said element processors (3) are oon- 

40 structed in pipeline In the direction of time base. 

7. The infonnatlon processing system (2) of Claim 1 , further oompri^ng transmission means (4) for transmitting Initial 
conditions and kxsundary conditions to said element processors (3). 

45 8. The information processfrig system (2) of Claim 1 , wherein data communications between said adjacent element 
processors (3) are peribrmed IndivMuaily for each of said element processors (3), asynchronously and repeatedly. 

0. The information processing system (2) of Claim 1 , wherein data oommuniGations between said adjacent element 
processors (3) are message communicaflons and peribrmed with multiple InstmcUon stream and multiple data 
so stream. 

10. The infonnatlon processing system (2) of Claim 1 , wherein said element processors (3) can directly refer, raspeo- 
tiveiy, to said associated data memory (8; 76; 300) of said adjacent element processors (3). 

OS 11. The information processing system (2) of Claim 10, wherein said element processors (3) can directly refer to and 
renew, respectively, said associated data memory (8; 76; 300) of said adjacent element processors (3). 

12. The Inlbrmatlon processing system (2) of Claim 1 , wherein said associated data memories (8; 76; 300) include, 
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on the routes (7; 302. 303} oonneding said adjTCent element processors (3), first memories (76; 300) shared by 
said adjacent element processors (3) end can directly refer to and renew the content stored In said first memories 
(76; 300} from a plural number of said element processors (3} connected to said first memories (76; 300}. 

13. The Infbrmation processing system (2) of Oalm 10, wherein said associated data memories (8) Include multlport 
memories (8; 76a). 

14. The information processing system (2) of Claim 1 , further comprising buflSsr means ^; 304} for temporarily buff- 
ering access demand to said associated data memories (8; 76; 300}. 

15. The information processing system (2) of Claim 1, wherein 

said element processors (3) respectively have buflbr memories (76a} to which date sent Ihsm said adjacent 
element processors (3) are written as date withobject name In communications between said adjacent element 
processors (3), and 

said element processors (3) complete reception of (tela from said adjacent element processors (3) by searching 
date with object name at optional timing from said buffer memories (76a}. 

16. The Information processing system (2) of Claim 1, wherein 

said element prucessore (3) respectively have matchlr^ memories (83) for watting for said data necessary for 
at least one of said computing operations, and 

said processing unit (5) in each of said element processors (3) perfbmns at least one prescribed operation 
among said computing operations at the point in time sequence when the necessary data are avaOabie in said 
matching memory (83) In the same. 

17. The information processing system (2) of Claim 1, wherein said element processors (3) respectively have program 
memories (11} avaiteble for rewriting the program sUpulatlr^ the operations of said processing unite (5). 

18. The information processing system (2) of Claim 1. wherein 

each of said processing unite (5} woria based on a date flow system which enables simultaneous execution 
of a plural number of said program assigned to dHferant areas of ewh of said program memories (11), and 
each of said processing units (5) executes said computing operations of a plural numbo- of said lattice points 
simultaneously by assigning a plural number of programs for processing said respective lattice pointe to dif- 
fbrent areas of each of said program memories (11). 

19. The infomiatlon processing system (2) of Claim 18, wherein said data flow system Includes a dynamic date driven 
system capable of simuitaneousiy executing one same program on Input data of a plursi number of seta with the 
use of Identifiers. 

20. The Infomiation processing system (2) of Claim 1, wherein said processing unite (5} re^dively have harxiware 
circuita (13) in which arithmetlc-i<«ic elements (14) are wired in the shape based on a data flow graph according 
to the wired-loglc for part or whoto of the data processing flow 

21. The information processing system (2) of Oaim 1, wherein 

said proces^ng units (5) respectively r^ve hardware circuita (13) according to one same wiied-logic, 
said hardware circuits (1 3) load in advance raid associated date memories (8) of said etement processorB (3) 
with internal point bite indicating that said lattice pointe are positioned inside a computing area In said field or 
outside said object in said computing area with respect to ail of said lattice polnta, with said extemai point bite 
indicating that said lattice points are positioned outelde said computing area or Inside an object In said com- 
puting area, and with boundary condition bits indicating infomnation of boundary conditions with respect to 
said lattice pointe positioned on the boundary of said computing area, and 

said hardware circuite (13) change the processing the data flow graph acoordlr^ to said internal point bite, 
said external point bite and said boundary condition bits. 

2Z The information processing system (2) of Oaim 20, wherein said processing unite (5) further respectively have 
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arithmetic devloes (10) for directly executing operation codes for cumulatively adding the respective results of 
multiplication of first Input by second Input, third Input by fourth input, fifth Input by sixth Input. ...» (2 x N - 1Hh 
input by (2 X N)-th input to 2N pieces of Input data. 

23. The Infbnnation processing system (2) of Claim 1, ftirther comprising fine node couplings (7a) connecting said 
adjacent element processors (3) to each other and coarse node couplings (7b) connecting said element processore 
(3) to each other by skipping no less than one said element processors (3) between them. 

24. The information processing system (2) of Qaim 1, wherein said element processors (3) r^pecttvely teve output 
units (91) for asynchronously reading output data, furnishing that output data with identifiers necessary for arrang- 
ing and sorting of d^ and sending data to outside said element processors (3). 

25u The informalion processing system (2) of Claim 24, fiirther comprising output data Image processing unit (97) for 
coliecting output data from said output units (91) of said element processors (3) and generating visible images of 
said output data In real time based on the output data arriving asynchronously from all of said element processors 
(3). 

26. The Information processing system (2) of Claim 1 , fknther con^ri sing coordinate convert unit (120) for convert- 
ing a first coordinate system used by a host computer (1) controlling said element processors (3) to a second 
coordinate system used by said element processors (3) when data are transferred ftom said host computer (1 } to 
said element processors (3), and converting sdd second coordinate system used by said element proosssors (3) 
to said first coordinate system used by said host computer (1) when data are transfened from said element pioc- 
essors (3) to said host computer (1). 

27. The information processing system (2) of Claim 1, wherein 

said plural number of element processors (3) integrafly controlled by a host computer (1 ) respectively comprbe 
first convergence Judging units (183), provided In each of the element processors (3) and independenfiy of 
said processing unite (5). forjudging convergence without disturbing the computation of the processing units 
(5), and 

said Information prooessirig system (2) finther comprising: 

first communication routes (181) for dMding a plural number of said element processors (3) Into a pluiai 
number of groups and connecting said first convergence judging units (183) of said respective element 
processors (3) In the form of a unidirectional closed loop or In a centralized fonn In said respective groups; 
second convergence Judging units (180), connected to said first communication routes (181) respecflvely, 
for Integrating the results of Judgment of convergence of ail said fbst convergence Judging units (183) in 
said groups; and 

second communication routes (182) for connecting all of the second convergence Judging units (180) of 
said groups In the form of a unidirectional dosed loop or In a centrsiized form. 

28. The information processing system (2) of CIdm 1, further conv)rislng: 

at least one route (181) for transfsning mesrages of a plurality of said element processors (3); 

first convergence Judging means (183) for Judging convergences on said element processors (3) or no less 

than one processing means (5) assigned to each of aaid element processors (3); 

first message sending means (183) for sending a first message indicating the convergence on a prescribed 
element processor (3) or the processing means (5) off said prescribed element processor (3) when said first 
convergence Judging means (183) judges the convergence on said prescribed element processor (3) or said 
processing means (5) of the same; 

second message sending means for sending a second message Indicating the convergence on the element 
processor (3) or the processing means (5) receiving said first or second message from the ad|aoOTt element 
processor (3) orlhe adjacent element processor (3) after said element processor (3) or said processing means 
(5) receiving said first or second message; and 

second convergence Judging means forjudging the convergence of ail said element processors (3) by trwis- 
foning said second message one after another through said at least one route by said second sending means. 

29. The information processing system (2) of Daim 28, wherein 
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said at least ona route Includes a plurality of diffarant routes connecting said processing means (5), and 
said second convergence Judging means confirms said convergence of all said element processors (3) In 
multipiex ways by the messages transferred one after another thfou^ said plurality of different routes. 

9 30. A method of computation perlbmied by using an Inlbmiatfon processing system (2), wherein 

said infiormatlon processing system (2) comprises: 

a plural number of element processors (3) respectively having proces^ng unlta (5) for performing cono- 

10 puting operations and associated data memories (8; 76; 300) for storing data regarding said computing 
operations for performing computation by assigning, regarding at least one goveming equation of a field 
which can be described in at least one prescribed equation by usirig said plural number of element proc- 
essors (3), a plural number of lattice points obtained by spaliaDy dividing said field to said element proc- 
essors (3); and 

16 a plural number of individual data buses (7) for having mutual communications of said data between 

adjacent ones of said element processors (3), wherein 

said computation is perfonned by operating said element prDcessors (3) asynchronously and Independ- 
ently by using said data transmitted through said data buses (7); 

said method of computation being charaetsrlzed In that each of said element processors (3) dir&% 
20 writes to or reads from said associated data memories (8; 76; 300) of adjacent element processors (3) 

through one of said individual data buses (7) for communication therebetween. 

31. The method of computation perfbrmed by using an Information processing system (2) of Claim 30, wherein said 
associated data memory (6; 76; 300) of each respective element processor (3) comprises data memory (6) within 

25 said respective element processor (3). 

32. The mettiod of computation perfbrmed by using an information processing system (2) of Claim 1, wherein said 
associated data ntemoty (8; 76; 300) of each respective element processor (3) comprises shared memory (76) 
arranged outside said respective element processor (3) along a data path between said respective element proc- 

30 essor (3) and an element processor (3) adjacent thereto. 

33. The method of computation perfbrmed by using an infbrmatlon processing system C2) of Claim 30, wherein dupli- 
cate data of selected adjacent element processors (3) is written to the associated data memory (6; 76; 300) of 
each respective element processor (3). 

35 

34. The method of computation perfomned by using an information processing system (2) of Claim 30, wherein a plural 
number of time steps corresponding to Identical ones of s^d lattice points are flirthermors assigned to said eiement 
processors (3). 

40 35. The method of computation perfbmied by using an infbmiiation processing system (2) of ^ 

number of two-dimensional planes (18), in which said element processors (3) performing the processing of said 
lattioe points obtained by spatially dividing a two-dimensional field are two-dimensionalty ananged, are arranged 
along the time base to be constructed three-dimensioneHy. when e twoHcfimenslonal anatytical solution is looiced 
for, and said element processors (3) are constmcted in pipeline in the direction of time base. 

45 

36. The method of computation perfbrmed by using an infbrmation processing system (2) of Claim 30. wherein 

said at least one prescribed equation includes at least one drfferentiai equation, and 
said at least one prescribed equation obtains the solution to said at least one dlfVerentiai equation by operating 
00 said element processors (3) asynchronously and independently by finite difference method. 

37. The method of computation performed by using an Information processing system (2) of Claim 30, wherein said 
at least one prescribed difTerential equation includes at least one partial difl^ntiai equation or at least one ordinary 
differential equation. 

ss 

36. The method of computation performed by using an information processing system (2) of Claim 30, wherein 

said element pnocessops (3) take charge of computation of a plural number of lattice polnla obtained by spatlaily 
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dividing said field respedlvelyp and 

the number corresponding to said lattice points or the base address of the data area corresponding to said 
lattice points on said associated data memories (8; 76; 300) are used as input tolcens to control said compu- 
tation performed by said element processors (3). 

39. The method of oornputation performed by using an (nfbmiation processing system (2) of Claim 30, wherein said 
information processing system (2) performs said computation by using transmission means (4) for transmitting 
Initial conditions and boundary condlHons to said element processors (3). 

40. The method of computation performed by using an Information processing system (2) of Claim 30, wherein data 
cxsmmunlcations between said adjacent element processors (3) are perfomied IndMdudiy for each of said element 
processors (3), asynchronously and repeatedly 

41 . The method of computation perlbmned by using an infomoatlon proofing system (2) of Claim 30, wherein data 
oommunlcations between said adjacent element processors (3) are message oommunlcations and perfomied with 
multiple Instnjction stream and muHlpte data streara 

42. The method of computation perlbrmed by using an Infomnation processing system (2) of Claim 30, wherein said 
element processors (3) directly reffsr, respectively, to said associated data memories (8; 76; 300) of said adjacent 
element processors (3). 

43. The method of computation performed by using an frrfomriatlon processing system (2) of Claim 36, wherein said 
element processors (3) directly refer to and renew, respectively, said associated data memories (8; 76; 300) of 
said adjacent element processors (3). 

44. The method of computatlbn perlbrmed by using an information processing system (2) of Claim 30, wherein said 
associated data memories (6; 76; 300) Include, on the routes (7; 302, 303) connecting said acQacent element 
processors (3), first memories (76; 300) shared by said adjacent element processors (3) and directly refer to and 
renew the content stored In said first memories (76; 300) from a plural number of said element processors (3) 
connected to said first memories (76; 300). 

46. The method of computation performed by i^lng an information processing system (2) of Claim 42, wherein said 
associated data memories (8) include multlport memories (8; 76a). 

46. The method of computation perlbrmed t>y using an infomnatlon processing system (2) of Claim 30, wherein said 
information processing system (2) perfomns said computation by using buflisr means (60; 304) for temporarily 
buffering access demand to said associated data memories (6; 76; 300). 

47. The method of computation performed by using an information processing system (2) of Claim 30, wherein 

said element processors (3) respectively comprise buffer memories (76a) to which data sent from said adjacent 
element processors (3) ere written as data with okdecl name in communications between said adjacent element 
processors (3), and 

said element pRK»ssorB (3) complete reception of data from said acQacent element processors (3) by searching 
date with object name at optional timing from said buffer memories (76a). 

48. The method of computation performed by using an information processing system (2) of Claim 30, wherein 

said element processors (3) respectively comprise matching memories (83) for waiting for said date necessary 
for at least one of said computing operations, and 

said processing unit (5) in eech of said element processors (3) perfonns at least one prescribed operation 
among said computing operations at the point In time when the necessary date ere avaiiabie in said matching 
memory (63) in the same. 

49. The method of computation performed by using an infonnation processing system (2) of Claim 30, wherein said 
element processors (3) respectively comprise program memories (11) available for rewriting the program stipulating 
sdd computing operations of said processing unite (5). 
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50. Tto method of oomputatlon performed by using an information processing system (2) of Claim 30. wherein 

said processing units (5) perform said computing operations bf using one same computation program, 
said oomputaftlon program loads in advance said associated data memories (6) of said element processora 
(3) witli intemai point bits Indicating that said lattice points are positioned inside a computing area in said field 
or outside said object in said computing area with respect to all of ^d lattice points, with said external point 
bits indicating that said lattice points are positioned outside said computing area or inside an object in said 
computing area, and with boundary condition bits indicating InfomraHon of boundary conditions with respect 
to said lattice points positioned on the boundary of said computing area, and 
10 said computation program changes the processing on said element processors (3) according to said Intemai 

point bits, said external point bits and said boundaiy condition bits. 

51 • The method of computation perfbrmed by using an Infbrmatlon processing system (2) of Claim 30, wherein 

each of said processing units (5) worlcs based on a data flow system which enables simultaneous execution 
of a plural number of said program assigned to different areas of each of said program memories (11), and 
each of said processing units (5) executes said computing operations of a piurai niAntrer of said lattice points 
simultaneously by assigning a plural numt>er of programs for processing said respective lattice points to dif- 
ferent areas of aald program memories. 

20 

52, The method of computation peilbrmed by using an information processing system (2) of Claim 51, wherein said 
data flow system includes a dynamic data driven system capable of simultaneously ra^cuUng one same program 
on input data of a piurai number of sets with tfie use of identifiers. 

^ 53. The method of computation performed by using an Infbrmatlon processing system (2) of Claim 52, wherein said 
processing units (5) calculate the address of said associated data memoriea (8) which store data regarding said 
adjacent element processors (3) and make reference to and renewal of said assoc^ted data memories (8) by 
using the address of said associated data memories (8), based on the value of said identiflers assigned to said 
input data. 

30 

64. The method of computation perfonned by tsing an Inlbrmation processing system (2) of Claim 30, wherein said 
processing units (5) respectively have hardware circuits (13) In which arithmetic-logic elements (14) are wired in 
the shape based on a data flow graph according to the wf red-logic for part or whole of the data processing fiow. 

w 55. The method of computation performed by using an inlbrmation processihg system (2) of Claim 30, wherein 

said procesdng units (5) respectively have hardware circuits (13) according to one aame wfred-iogic, 
said hardware circuits load in advance said associated data memories (8) of said element processors (3) with 
intemai point bits Indicating that lattice points are positioned Inside a computing area in said field or outside 
40 aaid ofalect In said computing area with respect toaD of said lattice points, with said ractemal point bits indicating 

that said lattice points are positioned outside said computing area or Inside an object in said computing area, 
and with boundary ocmdition bits Indicating information of boundary conditions with respect to said lattice points 
positioned on the boundary of said computing area, and 

said hardware drcuits (13) change the processing of the data How graph accordirig to aaid intemai point bitSp 
45 said external point bits and said boundary condition bits. 

58. The method of computation performed by using an information procesdng system (2) of Claim 54. wherein said 
processing units (5) respectively have arithmetic devices (10) for directly executing operation codes for cumuia- 
tiveV adding the respective results of muitlpncation of first Input by second input third input by fourth Input, fifth 
«' input by sixth Input (2x N - 1)-lh input by (2x N)4h Input to2N pieces of input data. 

57. The method of computation perfonned by using an information processing system (2) of C^aim 54, wherein said 
Information processlhg system (2) levels the number of times of communications at ail of said lattice points by 
performing dummy communications even for said lattice points with small number of times of communications for 
S3 solving said at least one governing equation of said field because said lattice points forming the subject of com- 
putation are found on the border of areas. 



68. The method of computation perlbrmed by using an InfonnaUon processing system (2) of Claim 30, wherein said 
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information processing system (2) levels the numt}er of times of operations at ell of said iattioe points by peifomiing 
dummy operations even for said lattice points with small number of tfrnes of operations for solving said at least 
one governing equation of said field because said lattice points fonnrng the subject of compulation are found on 
the bonder of areaa. 

59. The method of computation perfomied by using en infbnnation processing system (2) of Claim 30, wherein said 
information processing system (2) which perfomis prxtcessing of each of said lattice points for finding solution to 
at least one differential equation bif finite difference method and performs communlcatlona between the respective 
lattice points, infbmnatlon indicating the necessity or not of communication and the method of communication lor 
each of said lattice points. 

60. The method of computation peifomied by using an infbmiation processing system (2) of Claim 30, wherein said 
InTormaHon processing system (2) which peribnns processing of each of said lattice points Ibr finding solulion to 
at least one dUTerentlai equation t>y finite dtfTerence method assigns a memory area to each of said lattice points, 
perfbnns communications between Information of adjacent lattice points by said memory area and prevides each 
of said lattice points with information for indicatlr^ said memory area to be used for communication in each direction 
where communication should be made. 

61. The method of computation performed by using an fenlbnnatlon processing system (2) of Qaim 60, wherein said 
information processing system (2) provides each of said iattioe points with infomiation indicating a common dummy 
area In the direction where communication Is Impossible. 

62i The method of computation performed by using an infbnnation processing system (2) of Claim 30, wherein when 
said adj&cxmt lattice points are assigned over different said element preoessors (3), said element processors (3) 
on both sides hold two pairs of data In time for intercommunication and, when the data tor those lattice points has 
been renewed, said processore (3) do not rewrite the data If any displacement of the renewed data la no laiger 
than the prescribed value Inconviariaon with the data of the chronologlcaily previous pain 

63. The method of computation performed by using an frifbnnation processing system (2) of Claim 60, wherein said 
information processing system (2) assigns, to said associated data memory (6), virtual data area simulating lattice 
points which are closest to the border of the computation area fbmiing the subject of the calculation of saU at teast 
one prescribed equation and found outside said computation area. 

64. The method of computation performed by using an infomiation processing system (2) of Claim 30, wherein said 
informaiion processing system (2) comprises fine node coupling (7a} connecting mutually adjacent said element 
procesaors (3) to each other and coarse node coupling C7b) connecting said element processors (3) to each other 
by skipping no less than one said element processors (3) between them. 

65. The method of computation perfomied by using an infomiation preces^ng system (2) of Claim 64, wherein said 
information processing system (2) advances computation of said at least one prescribed ec^ation by alternately 
perfemnfrig computation by said element processore (3) connected by said coarse node coupling (7b) and com- 
putation said element processore (3) connected by said fine node coupOng (7a). 

66. The method of computation perfomied by i^ng an infonnation processing system (2) of Claim 30, whersln said 
information processing system (2) performs calculation of said at least one governing equation of said field using 
only part of said lattice points selected, In parallel with the caiculatlon of said at least one governing equation of 
said field using ail of said lattice points. 

67. The method of computatton perfomned by using an information processing system (2) of Claim 30, wherein the 
algorithm of the calculation of said at least one governing equation of said field using only selected ones of said 
lattice points Is different from the algorithm used for the calculation of said at least one prescribed governing 
equation of said field using all of said lattice points. 

66. The method of computatton perfomied by using an infomnaflon processing system (2) of Dalm 67, wherein said 
information processing system (2) has no less than two pairs of data regarding mutually adjacent said lattice points 
In time sequence and stops the operetion of said lattice points if the amount of fluctuation between said paire of 
data Is no larger than the prescribed amount. 
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69. The method of computation peifbmied by using an Information processing system (2) of Claim 68, wherein the 
value of said prescril^ed amount for omitting Ihe operation of said lattice points depending on the value of fluctuation 
between said pairs of data is reduced according to the grade of convergence. 

70. The method of computation perlbrmed by using an InfDrmation processing system (2) of Claim 30, wherein said 
element processors (3) respectively have output units 01) for asynchronously rea(Sng output data, furnishing that 
output data with Identifiers necessary for arranging end sorting of data and sending data to outside said element 

processors (3). 

71. The method of computation perfomied by using an infbmiation processing system (2) of Claim 70, wherein said 
information processing system (2) comprises output data image processing unit (97) for ooilecting output data from 
said output units (91) of said element processors (3) and generating visible Images of said output data in real time 
based on the output data arriving asynchronously from all said element prexiessors (3). 

72. The method of computation perlcmied by using an information processing system (2) of Claim 30, wherein said 
information processmg system (2) comprises cooniinate conversion unit (120) for converting an first coordbiate 
system used by a host COTiputer (1) controlling said element processors (3) to a second coordinate system used 
by said element processors (3) when data are transfened from said host computer (1) to said element processors 
(3), and converting said second coordinate system used by said element processors to said first coordinate 
system used by said host computer (1) when data are transfsned from said element processors (3) to said host 
computer (1). 

73. The method of computation perfomned by using an information processing system (2) of OaSm 30, wherein 

said plural number of element prooessors(3}are8 plural number of etement processors (3) integrafly controlled 
by a host computer (1), 

said plural number of element processors (3) comprise convergence. Judging unite (183), provided In each of 
the element processors (3) and independently of said processing units (5) respecdvely, forjudging conver- 
gence without disturbing the computation of the processing unit (5), and 
said information processing system (2) comprises 

first communication routes (181) for dividing a plural numtier of said element processors (3) Into a plural 
number of groups and connecting said convergence judging units (183) of said respective element proc- 
essors (3) in the form of a unidiredional closed ioop or in a centrafized fomi In said respective groups, and 
second communication routes (182) connected to each of said first communication routes (181) of said 
groups, and connecting all of the convergence judging units (183) Integrating the resulte of Judgement of 
convergence of all said convergence Judging unite (183) In said groi^n and an of said convergence Judging 
unite (163) of said groups In the fomi of a unidirectional closed foop or In a centralized form. 

74. The method of computation performed by using an infbrmatlon processing system (2) of Claim 30, wherein 

said Information processing system (2) comprises at least one route for tnmforring messages of a piursiity 

of said element processors (3), and 

said method of computation further comprising steps of 

(a) Judging convergences on each of said element processors (3) or no tess than one processing means 
(5) assigned to each of said element processors (3); 

(b) sending a first message indicating a prescribed element processor (3) or a processing means (5) of 
said prescribed element (3), when said infonnation processing system (2) Judges the convergence on said 
prescribed element processor (3) or said processing means (5) erf said prescribed element (3); 

(c) sending a second messege indicating the convergence on the element processor (3) or the processing 
means (5) recehring said first or second message from the adjacent element processor (3) or the acfiaoent 
element processor (3) after said etement processor (3) or said processing means (5) recehring said first 
or second message; and 

(d) Judging the convergence of all said element processors (3) by transferring bM second message one 
after another by repeating said step (o). 

75b The method of computation performed tyy using an Ihfonnatlon processing system (2) of Claim 74, wherein said 
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information processing system (2) repeals said step (a) to step (d) for a pturaGty of confimiations of said conver- 
gence of all said element processors (3). 

76. The method of computartion perfomned t3y using an imfbrmatlon prooessirq system (2) of Claim 75, wherein 

5 

said information processing system (2) comprises second convergence Judging means, 
said at least one route includes a plurality of different routes connecting said processing means (5), and 
said second convergence Judging means confimns saM convergence of all said element processors (3) in 
multiplex ways by the messages transferred one after another through said plurality of difllerent routes. 

10 

77. The method of computation performed by using an infomiation processing system (2) of Claim 76, wherein said 
information processing system (2) Ibnrns Judgement of oonvergenoe again by stopping the processing of aD said 
element processors (3) or said processing means (5), afterthe completion of general convergence has been Judged 
tiy said processes which Judge the general convergence. 

15 

78. The method of computation performed by using an information processing system (2) having a plural number of 
element processors (3) of Claim 30, Itjrther comprising steps of: 

initializing storing means for storing the results of Judgement of convergence; and 
20 Judging convergence or not of the computation for said lattice points for the respective lattice points taken 

charge by said element processors (3) and. If it is Judged that convergence has not yet been reached, sets 
said storing means to the prescilbed logical value. 

76. The Information processing system (2) of Claim 1, wherein 

26 

said plural number of element processors (3) share said associated data memoiy (300) between said acgacent 
element processors (3), and 

each of said plural number of element processors (3) comprises Input/bulput control unit (301) commonly 
connected to a plural number of data memories (300) shared with said adjacent element processors (3) tor 
30 oontrolling input/bufput of date with one of the plural number of data memories (300) by switching the direction 

of communication according to demand for access. 

60. The Information processing system (2) of Claim 1, further comprising 

95 a plural number of registers (305) provided in correspondence to said plural nunribar of element processors 

(3) for temporarily storing the results of Judgement of a convergence of an operation executed by each of said 
plural number of element processors (3); and 

a wired OR drcuH for generating logical product of the output of a plurel number of said reglstere (305). 

40 81. The method of computation perfomned by using an Information processing system (2) of Claim 30, wherein 

a plural number of said element processors (3) share said associated data memory (300) between said adja- 
cent element processors (3). 

each of said plural number of element processors (3) comprises inputtoutput control unit (301) commonly 
45 connected to a plural number of data memorfes (300) shared with said adjacent element processors (3) Ibr 

controlling input/outputof date with one of the plural number of date memories (300) by switching the direction 
of communication easing to demand for access, and 

each of said plural number of element processora (3) refere to the content of said data memory through said 
Inputfoutput control unit (301). 

so 

62. The method of con^Hitation perfomied by using an information processing system (2) of Claim 30, wherein said 
information processing system (2) temporarily stores. In said plural number of reglstera (305) provided in corre- 
spondence to said plural number of element processors (3), the resuite of judgement of a convergence of the 
corresponding element processors (3), and executes operations while teking the logical product of said resuite of 

55 Judgement of said convergence stored In a plural number of said reglstere (305) with the wired OR circuit. 

63. The method of computation performed by using an information processing system (2) of Claim 30, wherein the 
number of lattice polnto per one etement processor (3) Including unsteble lattice polnte Ibr analysis In which un- 
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stable fectore exist Is smaller than the numt»r of latttoe points per one element prooessor (3) not including any 
unstable lattice points for analysis. 



Patontanaprtlche 

1. Informationen verart)eitende8 System (2), mit 

elner Mehrzahl von Elementarprozessoren (3), Jewells mIt Verarbeitungseinhelten (5) zum DurchfQhren von 
Rechenoperatlonen und zugehdrigen Datenspelchem (8; 76; 300} zum Speichern von die Rec^enoperatlonen 
betreffenden Daten, zum DurchfQhren von Berechnungen durch Zuordnen elner Mehrzahl von durch rdumHche 
TeDung eines Feldes erhaltenen Gltlerpunkten zu den Elementarprozessoren (3), unter Beachtung mindestens 
elner beetlmmenden Gleichung des Feldes, das in mindestens elner vorgeschriebenen Glelchung unter Ve^ 
wendung der Mehrzahl von Elementarprozessoren (3) beschrleben wenden kann; und 
elner Mehrzahl von indlviduellen Datenbussen (7), um eine gegenseitige Kommunlkation der Daten zwischen 
benachbarten Elementaiprozessoren (3) zu haben, wobei 

die Berechnung durch imynchrones und unabhSnglges Betrsiben der Elementarprozessoren (3) unler 
Venvendung der durch die Datenbusse (7) Qbertragenen Daten durchgefQhrt wird; 
des lnf6rma1!onen verarbeltende System dadurdi gefcennzeichnel 1st. daQjederder Elementerpnozes^ 
soren (3) dlrekt auf die zugehdrigen Datenspelcher (8; 76; 300) benachbarter Elementarprozessoren (3) 
durch einen der indlviduellen Datenbusse (7)zur Kommunlkation dazwischen schreibt Oder von Ihnen ilest. 

Z lnfbrmatk)nen verarbeitendes System (2) nach Ansprvch 1 , daduich gekeninelchnet daft 

der zugehdr^e Datenspelcher (8; 76; 300) Jedes jewelDgen ElementarprazessorB (3) Datenspetaher (8) ki- 
nerhalb desjewelligen Elementarprazessors (3) aufwelsL 

3. tnlbrmattonen verarbeitendes System (2) nach Anspruch 1 , daduich gekeniiieichnel, daft 

der zugehdrlge Datenspeteher (8; 76; 300) Jedes Jeweiilgen Efementarprozessors (3) einen aui^erhalb des 
Jeweillgen Elementarprozessors (3) entiang einem Datenpfiad zwischen dem Jeweiilgen Bementarprazessor 
(3) und einem diesem benachbarten Elementarprozessor (3) angeordneten gemeinsamen Spelcher (76) auf- 
weist 

4. inlbrmatkmen verarlMltendes System (2) nach Anspmch 1 , dadurch gakannzelchnel, daft 

der zugehdrlge Datenspelcher (8; 76; 300) Jedes Jeweiilgen Elementarprozessors (3) dupllzierte Daten aus- 
gewihlter benachbarter Elementaiprozessoren (3) hdli 

5. Informattonen verartieltendes System (2) nach Anspruch 1 , dadureh gekennzelchne^ daft 

welterhln eIne Mehrzahl von Zeitschrltten, die identischen Gitterpunkten entsprechen, den Bementarprozes- 
soren (3) zugeoidnet sind. 

6. inlbrmattonen verartMltendee System (2) nach Anspruch 5, dadureh gekannzelehnetp daft 

eine Mehrzahl von zweidlmensionalen Ebenen (18), in denen die die Bearbeltung der durch rdumliches Tellen 
eines zweidlmensionalen Fekles erhaltenen GItterpunkte durchlQhrenden Elementarprozessoren (3) zweldl- 
menstonai angeordnet sInd, enttang der Zeltbasis, die drekfimenslonal aufgebaut wenden soli, wenn eine zwel- 
dimenslonale Ldsung gesucht wind, angeordnet 1st. und die Elementarprozessoren (3) in Pipeline-Form In der 
RIchtung derZeitbasIs aufgebaut sind. 

7. informationen verarbeitendes System (2) nach Anspruch 1 , welter gekennzBlchneft duroh 

Obertragungseinrichtungen (4) zum Obertragen von Antogsbedlngungen und Randbedingungen zu den Ele- 
mentarprozessoren (3). 



72 



EP 0 696 00181 

8. Inbrmationen verarbeltendes System (2) nach Ansptuch 1 , daduich gekmnzelehneL daB 

Datenauslauschvoffgfingezwischen den benachbarten Ebmentarpiozeseoien (3) bidMduell fOr Jeden der Ele- 
mentarprozessoren (3) aaynchron und mehrfiach durchgeflQhil werden. 

9. InfiDrmationen vererteitendee System (2) nach Anspruch 1 , dadureh gekenraelchnel, daS 

Datenaustausclivorgflngezwischen den benachbarten Elementarprazessoren (3) Nachrfchtenaualauschvor- 
gange sind und mft mehrfadiem Befehlsstrom und mehrfachem Datenstrom durchgefQhrt werden. 

10. Informatlonen veraibeftendes System (2) nach Anspruch 1 , dadurch gekenmelGhneli daft 

die Elementarprozessoren (3) den Jewells zugehdrlgen Datenspeicher (8; 76; 300} der benachbarten Elemen- 
tarprozessoren (3) direkt referenzleren k5nnen. 

1 1. Informationen verarbeltendes System (2) nach Anspruch 1 0, dadurch gekennzelchnet daft 

die ElementarpnDzessoren (3) den zugehdrlgen Datenspeicher (8; 76; 300) der benachbarten Elementarpro- 
zessoren (3) direkt referenzieien bzw. emeuem kdnnen. 

12. Informationen verarbettendes System (2) nach Ansprudi 1 , dadurch gekennzeichnetp daft 

die zugehdrlgen Datenspetoher (8; 76; 300) auf den die benachbarten Elementarprazessoren (3) verbinden- 
den Leitungen (7; 302, 303) erste Spelcher (76; 300), die von den benachbarten Elemeniarprx^essoren (3) 
geteilt wenden, enthalten und den in den ersten Speichem (76; 300) von einer Mehrzahl der mit den ersten 
Spelchem (76; 300) verbundenen ElementarpnDzessoren (3) gespelcherten Inhalt direkt referenzleren bzw. 
emeuem k6nnen. 

13. IntarmaUonen verertjeitendes System (2) nach Anspruch 10. dadurch gekennzelGhnet. daft 

die zugehdrlgen Datenspeteher (8) Multlport-Spelcher (8; 76a} enthaften. 

14. Informationen verarbeltendes System (2) nach Anspruch 1 , welter gekennzdchnet durch 

Pufferelnrlchtungen (80; 304) zum vorObergehenden Puffem von Zugriffeanfragen auf die zugehdrlgen Da- 
tenspekiher (6; 76; 300). 

15. Informationen verBr|}eltendes System (2) nach Anspaich 1 , dadurch gekennzelchnet. daft 

die Elementarprozessoren (3) Jewells Pufterspelcher (76a) haben, in welche von den benachbarten Elemen- 
tarprozessoren (3) gesendete Daten als Daten mft ObJeMname in Austauschvorgdngen zwischen den be- 
nachbarten Elementarprozessoren (3) geschrisben werden. und 

die ElementBiprozessoren (3) den Empfang von Daten von den benachbarten Elementarprazessoren (3) 
durch Suchen nach Daten mit Ofajjeklname In wihIbarerZeitabstlmmung von den PufferBpek:hem (76a) ab- 
schlle&en. 

10. InTormationen verarbeltendes System (2) nach Anspruch 1 , dadurch gekennzefGhnet. daft 

die Elementarprazessoren (3) Jewells passende Spelcher (83) zum Warten auf die fOr mindestens einen der 
Rechenoperattonen notwencfigen Daten haben, und 

die Verarbeltungselnheit (5) In Jedem der Elementarprozessoren (3) mindestens sine vorgeschriebene Opa- 
retkm unter den Rechenoperatlonen zu dem Punkt Im Zeitablauf durchfOhrt, an dem die notwendlgen Daten 
in dem passenden Spetoher (63) In demselben verfOgbar sInd. 

17. Inlbrmattonen verarbeltendes System (2) nach Anspruch 1 , dadurch gakannzelehnet. daft 

die Elementarprozessoren (3) Jewells zum WIederelnschreiben des die Operationen der Verart^eltungseinhei- 
ten (6} festsetzenden Programms vertOgbare Prognammspeteher (11) haben. 
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18b Informationen vefBrbeltendes System (2) nach Ansprvch 1 , daduich gekenraefehnel, daB 

Jede der Bearteftungseln^lten (5) bwierand auf einem DatenfluOsystem arbaitat, daa aimuffana AuafOhrung 
einer MehrzaM der verschledanan Berelchen Jades PffogramrrBpeicrierB (11) zugeordneten Programmen er- 
mdgDcht, und 

Jade der BearbeitungaeinheSten (5) die Rechenoperationan eIner Mehrzahl der Gittarpunkte aimultan durch 
Zuordnan ainar Mehrzahl von Programmen zum Bearbaiten der Jawaillgan Gitterpunkta zu veiachledenen 
Bereichen Jedes Programmspelchers (11) auafQhrt 

19. Informationen verarbeltendea Syatem (2) nach Anspruch 18, dadurch gekennzeichnet, dall 

daa DatenfluGsyatem ain dynamischas datengaateuailes System enthglt, das zum afmultanen AuafQhren ei- 
nea selben Programms mit EIngangsdaten einer Mehizahl von Sdlzen unter Venvendung von Kennzeichnem 
lihiglst. 

20. Informationen verarteitendes System (2) nach An^>aich 1 , dadurch gekennzeichnet, daft 

die Verarbeltungaelnhelten (5) JeweilsfestverdFahtele Schaltungen (13) haben, In denenarilhmetlach-logische 
Elemente (14) In der auf einem DatenfiuBgraph entspechend der verdrahteten LogBc fOr den tellweisen Oder 
ganzen Datenverarbettungafluft basierenden Geatalt verdrahM aind. 

21. Infbrmationen verarbeltendea System (2) nach Anspmch l^dadiw^ 

die Veraiteitungselnheiten (5) Jeweiia featverdrahtale Schaltungen (13} nach ein und der selben verdrahteten 
Logik hat>en, 

die festverdrahteten Schaltungen (13) die zugehorigen Datenspeicher (8) der Elemenlarprozesaoren (3) mit 
Intemen Punktbits, die anzeigenp daf^ die Gitterpunkte Innerhalb eines Rechenberelcha in dam Paid Oder au- 
itehalb des Objekts in dem Rechenbereic^ bezQgltoh alter Gitterpunkte angeordnet aInd, mIt den extemen 
Punktblta, die anzefgen, daft die Gitterpunkte auftertialb des ReGhent)eretohs Oder innerhalb eines Objekts In 
dem Rechenberelch angeordnet dnd, und mit Randbedlngungsblts, die Informationen Qber l^ndbedingungen 
bezQgGch der am Rand des Rechenberelcha angeordneten Gitterpunkte anzeigen, Im voraua laden, und 
die featverdrahtete Schaltungen (13) die Veraibeitung dea Datenfluftgrapha gemaft den intemen Punktbits, 
den extemen Punktbits und den Randbadkigungsblts indem. 

22. Informattonen verarlMltendea System (2) nach Anapmch 20, dadurch gekanmeichnat, daft 

die Verarbeltungselnhelten (8) wetterhin Jewells arfthmetiache Vorrtehtungen (1 0) zum direkten AuafQhren von 
Operationscodeszum kumulatlven Addleren der JeweOigen Ergebnisse von MuWpiikatlon von erstem Eingang 
mit zweitem Eingang, drittem - Eingang mit viertem Eingang, fOnftem Eingang mit sechstem Eingang, .... (2 
X N • 1)-tem Eingang mit (2 x N)-tem Eingang zu 2N EIngangsdaten haben. 

23b Inlormatk^nen verarteitendes System (2) nach Ansprvch 1 , wetter gekennzelGhnet durch 

Feinknolenkoppiungen (7a), die die benachbartan Elementarprozessoren (3) mttelnander verbinden, und 
Grobknotenkopplungen (7b), die die Eiementarpnozessoren (3) mitelnander durch Obersprlngen mindestens 
eines der Elementarprozesaoran (3) dazwiachen veit)inden. 

24. Informationen verarbeltendea System (2) nach Anspnjch 1 , dadurch oekennielchnel. daft 

die Eiementarprazessoren (3) Jewells Ausgabeelnhelten (91) zum asynchnDnen Ljesen von Ausgabedaton, 
Ausstatten dieser Ausgabedaten mit zum Anordnen und Sortieren von Daten notwendigen Kennzeichnem 
und Senden von Daten nach aufterhalb der ElementarproKSSoran (3) heben. 

25. informationen verBrt)eitende8 System (2) nach Anspmch 24, welter gekannzalchnat durch 

eine Ausgabedaten-Biklverarbeitungselnhelt (87) zum Sammein von Ausgangsdaten von den Ausgabeein- 
helten (91) der Eiennentarprozessoren (3) und Eizeugen von ^chtbaran BiWem der Auagangsdaten in Echt- 
zelt, bttierend auf den aiynchron von alien Bementarprozessoren (?) eintreffenden Ausgangsdaten. 



74 



EP 0696 001 B1 



26. Informatlonen vereitettendes System (2) nach Anspmch 1 , wetter gekermxelGhnfli dureh 

eine Koordinatenumwandlungseinheit (120) zum Umwandeln elnes ersten, von dem die Elementaiprazeseo- 
ren (3) steuemden Hauptrechner (1) veiwendeten Kbordlnatensystems In ein zweites, von den Elementar- 
prazessoren (3) venfvendetes Koonflnatensystem, wenn Daten vom Hauptrechner (1) zu den Elementarprx)- 
^ssoren (3) Qbertrsgen werden, und Umwandeln des zweiten, von den Elementarprozessoren (3) verwendete 
Koordinatensystems In das erste. vom Hauptrechner (1) venwendeten Koordinatensystem, wenn Daten von 
den Elementarpio^ssoren (3) zum Hauptrechner (1) Qbertragen werden. 

27. Informatlonen verarbeitendes System (2) nach Anspaich 1 , daduich gekennzeichnet, daB 

die Mehrzahl von Elementarprozessoren (3), die integral von einem Hauptrechner (1) gesteuert werden, Je- 
wells erste In Jedem der Elementarprozessoren (3) bereltgesteltte und von den Verarbettur^selnhelten (6) 
unabhSnglge Konvergenzbeurteflungselnhelten (163) zur BeurteOung der Konvergenz ohne Stdren der Be- 
rechnung der Verarbeitungselnheiten (5) aufwelsen, und 
das Informatlonen verarbeHende System (2) wetter gekennzeichnet 1st duivh: 

erste Kommunikatfonswege (181) zum Tellen einer Mehrzahl der Elementarprozessoren (3) In eIne Mehr- 
zahl von Gmppen und Veft>lnden der ersten Konvergenzbeurteilungselnhelten (183) derjewefllgen Ele- 
mentarprozessoren (3) In F=dmi eIner unidlrektional geschlosenen Schlelfe Oder In eIner zentraHslerten 
Form in den Jewefligen Gruppen; 

zwelte, Jewells mit den ersten Kommunlkattenswegen (181) vertundene ItoveigenztDeurteDungselnhel- 
ten (160) zum Integrleren der Ergebnisse der Kbnvergenzbeurtellung alter ersten Kbnvergenzbeurtel- 
lungselnhelten (183) In den Gmppen; und 

zweite Kommunikationswege (182) zum Visrbinden aller zwelter Konvergenzbeurteilungseinhelten (180) 
der Gmppen In Fonii einer unidlrektional geschlosenen Schlelfe Oder In einer zentraiblerten Fbrm. 

28. Inlbrmattonen verartieltendes System (2) nach Anspmch 1 , wetter gekennaalehnsrt dutch: 

mindestens einen Weg (181) zum Obertragen von Nachrichten einer Mehizahl der Elementarprozessoren (3); 
ein erstes Kbnvergenzbeurtellungsmrttei (1 83} zum BeurteDen der Konvergenz auf den Etementsrprozessoren 
(3) Oder mindestens eInem Jedem der Etementerprozessoren (3) zugeordneten VIerarbeitungsmlttel (6); 
ein erstes Nachrlchtensendemittel (183) zum Senden einer ersten die Konvergenz auf eInem vorgeschrlebe- 
nen Elementarprozessor (3) oder dem Verarbeitungsmittei (5) des vorgeschijebenen Elementerpmzessors 
(3) anzeigenden Nachrteht, wenn das erste Konvergenzbeurteilungsmtttel (183) die Konvergenz auf dem vor- 
geschrtebenen Etementarprozessor (3) Oder des VSsrarbettungsmittels (5) des selben feststellt; 
ein zweltes Nachrlchtensendemittel zum Senden einer zwelten, die Konvergenz auf dem die erste oderzw^e 
Nachrloht von dem benachbaiten Elementerpo^essor (3) erhaftenden Elementarprozessor (3) oder Verar- 
beitungsmfttel (5) oder auf dem benachbarlen Elementarprozessor (3) nadi dem die erste oder zwelte Nach- 
ffcht erhaltenden Elementarprozessor (3) oder Verart)eltungsmittel (^ anzeigenden Nachrlcht; und 
ein zweites KbnveigenzbeurteiiungsmNtel zum Beurteiten der Konvergenz aller Etementerprozessoren (3) 
durch Obertragen der zweiten Nachricht eIne nach der anderen Qber den mindestens einen Vfeg durch das 
zweite Sendemittei. 

29. lnformatk)nen verartDeitendes System (2) nach Anspmch 28, dadurch gekennzetchnet, daA 

der mindestens eine Weg eIne Mehrzahl von verschiedenen die V^rsrbettungsmtttel (5) verbindenden Wegen 

eInschllelSt, und 

das zwelte KonvergenzbeurteOungsmlttei die Konvergenz alter Etementarprozessoren (3) auf mehrfeche Wei- 
ss durch dte eIne nach der anderen Qber die Mehrzahl von verschiedenen Wegen Qbertragenen Nachrtehten 
I)e8t§tlgt 

30. Unter Venwendung elnes lnfom)atk3nen verarfoeitenden Systems (2) durchgefiQhrtes Rechenverfahren, wobei 

das Inlbrmattenen verarbeltende Systems (2) 

eine Mehrzahl von Elementarprozessoren (3). Jewefls mit Vsrsityeitungseinheiten (5) zum DunchfiQhren von 
Rechenoperatlonen und zugehdrigen Datenspelchem (8; 76; 300) zum Speichern von die Rechenoperationan 
betreftenden Daten zum OurchfOhren von Berechnungen durch Zuordnen einer Mehrzahl von durch naumliche 
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TeOung eines FektesertialtenenGHIerpunklenzu den Eiementerprozessoren (3), unterBeachtung mindestens 
einer bestimmenden Gleichung des Feldes, das in mindestens einer vorgeschriebenen Glelchung unter Ver- 
wBndung der MehrzaM von ElementerprozessorBn (3) beschrieben werden kann; und 
elne Mehizahl von IndMduellen Datenbussen (7) auAwelat, urn eine gegenseltigen Kbmmunikatlon der Daten 
zwiachen benachbarten Elementaiprozessoren (3) zu haben, wobel 

die Berachnung dunch asynchronas und unabhangiges Batreiben dar Elamantarprozessoran (3) unler 
Verorendung der durch die Datenbusse (7) Qbertragenen Daten durchgefQhrt wind; 

Inlbrmationen verarbeltende System dadurch gek«nnzelctinat lat, daft Jeder dar Elementarpnozes- 
sonen (3) direkt auf die zugehdrlgen Datenspeicher (8; 76; 300) benachbarter Elemenlarprozessoren (3) 
durch etnen der fndivlduellen Datenbusse (7) zur Kommunii(atlon. dazwischen schrelbt oder von Ihnen 
fiest 

31. Unter Venvendiffig eInes Inlbrmationen verartoeltenden Systems (2) durchgelQhrtea Rechenverfahren nach Ah- 
apruch 30, dadureh gekannzaichnel. daft 

der zugehdrige Datenspeicher (8; 76; 300) Jedes Jewellfgen Elementarprozesaore (3) Datenapalcher (8) In 
demJeweiDgen ElementaiprQKe88or(3) aufWelat. 

3Z Unter Venwendung eines Inlbrmationen verarbettenden Systems (2) durchgefOhrtes Rechenverfahren nach An- 
spnich 1. dadurch gekennzelchnet, daH 

der zugehdrige Datenspeicher (8; 76; 300) jedes Jeweiligen Etementerprozessors (3) elnen aul&erhalb des 
jewelllgen Henwfrtarprozessors (3) entlang einem Datonpfad zuvischen dem Jeweliigen Elementarprazessor 
(3) und einem diesem benachbarlan Elemantarprozessor (3) angeordneton gemelnsaman Spelcher (76) auf- 
WBisL 

33. Unter Verwendung eInes Inlbrmationen verarbeitenden Systems (2) durchgeffOhrtes Rechenverfahren nach An- 
spruch 30, <todiirch gekennxelchn^ daft 

duplizierte Daten ausgewfihiter benachbarter Eiementarprozessoren (3) auf die zugeh6rlgen Datenspeicher 
(8; 76; 300} Jedea jeweiligen Etemenfarprozesaors (3) geschrleben werden. 

34. Unter Venwendung eines Informationen veraibeitenden Systems (2) durchgefOhrtes Rechenverfahren nach An- 
spruch 30, dadurch gekannzekshnot daft 

welterhin elne Mehrzahl von Zeltschrttten, dte identlschen Qltterpunlden entsprechen, den Efementafpnozea- 
soren (3) z^eordnet Isl. 

35. Unter Venvendung eInes Inlbrmationen verart)e{tenden Systems (2) durchgefOhrtes Rechenverfshren nach An- 
apruch 34, dadureh gakannzalchnalp daft 

eine Mehrzahi von zweidimensionalen Ebenen (18), in denen die die Bearbeitung der durch raumliches Teilen 
eines zweldlmensionalen Feldes erhaltenen GItterpunkte durchfQhrenden Eiementerprozessoren (3) zweidi- 
menslonai angeordnet sind, entlang der Zeitbasis, die dreidmensbnal aufgebaut werden soli, wenn eine zwei- 
dlmensionale L&ung gesucht wlrd, angeordnet Ist, und dte Elementarprozesaoren (3) Qberiappend In der 
FUchtung der Zeitbasis aufjgebaut sInd. 

36. Unter Verorendung eines Inlbrmationen verarbeitenden Systems (2) durchgefOhrtes Rechenvertiahren nach An- 
spruch 30, iladurch gatormzalchnelf daft 

die mindestens eine vorgeschriebene Gleichung mindestens eine DHtenantialgieichung elnschlleftt, und 
die mindestens elne vorgeschrfebene Gleichung die ijdsung der mindestens elnen Differentiaigleichung durch 
asynchnones und unabhdngiges Betitlgen der Eiementerprozessoren (3) mit der Metliode der finiten DifYe- 
lenzen erhfllL 

37. Unter Venvendung eines Inlbrmationen verartMltenden Systems (2) durchgefOhrtes Rechenveriahren nach An- 
spruch 30, dadinch gakannzalehnal^ daft 
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die mindestsns eine vorgeschriebene Differentialgielchung rrdndestens eine pertfelle CNffiBrentialolelchung 
Oder mindestens eine gew6hnDche Differentlafglelchung eInschlleBt 

38. Unter VerwendLing elnes Inlbrmationen verarbeltenden Systems (2) durchgeliQhrtes RechenverfehFen nach An- 
spnjcti 30, daduich gakennzelchnet, daft 

die ElementBrpffOzessoiBn (3) die Berechnung einer Mehrzahl von durch rBumliche Teitung des Feldes erhel- 
tenen Qitterpunkten Jewells Qbemehmen, und 

die den Qitterpunkten entsprechende Nummer Oder die den Gitterpunlcten auf den zugehdrigen Datenspei- 
chem (8; 76; 300) entsprechende Beslsadnesse des Datenbersichs als Eingangstoken zur Steuerung der von 
den Elementarprozessoren (3) durchg^hrten Berechnung venwendet wind. 

39. Unter Verarendung einea Inlbrmationen verart)eitenden Syaten» (2) durchgefOhrtes Rechenverfaliren nach An- 
spruch 30, fladiRh gefcarmialdineCp daft 

das Informationen v!erBrl)eHende System (2) die Berechnung unter Vlsnivendung von Obertregungsvorrichtun- 
gen (4) zum Obertragen von Anfiangsbedingungen und Randbedlngungen zu den BementarpnxiBssoren (3) 
durchfQhrt. 

40. Unter Venvendung eines Infbmiationen verarbeltenden Systems (2) durchgefOhrtes Rechenverfahren nach An- 
spruch 30. daduich gekemnelchnel, daS 

DatenaustauschvorgSngezwischen den benachbarten Etementaiprozessoren (3) indlvkluell fQr Jeden der Ele- 
mentarpfoz p s so iBn (3) asynchron und mehrteh durchgefQhrt warden. 

41. Unter Venvendung einas Infomnatlonen verartMitenden Systems (2) durchgefQhrtes Rechenverfatven nach An- 
spruch 30, daduich g^nnzakshnolp daft 

Oatenaustauschvorggngezwischen dOT benacht>arten Elementarprozessoren (3) N»:hr1chtenaustauschvor- 
gange sind und mit mehrfachem Befiahlsstrom und mehrfachem Datenstrom durchgefuhrt werden. 

42. Unter Verwendung eInes Infbrmatlonen verarbeltenden Systems (2) dUrchgeHQhrtes Rechenverfahren nach An- 
spruch 30, dadufch gekennzelchnet, daft 

die Eiementarprozesaoren (3) die Jewells zugehdrigen Datenspeicher (6; 76; 300) der benachbarten Eleman- 
tarprozessoren (3) direkt lOffbrenzleren. 

43. Unter Venvendung eInes Inlbrmationen verarbeltenden Systems (2) durchgefOhrtes Rechenverfehren nach An- 
spruch 36, daduich gekennzelchnet. daft 

die Elementarprozessoren (3) den Jewells zugehdrigen Datenspeicher (8; 76; 300) der benachbarten Elemen- 
tarpiozessoren (3) direkt rafsrenzleren und emeuem. 

44. Unter Venvendung eInes InformaUonen verartseltenden Systems (2) durchgefQhrtes Rechenverfahren nach An- 
spruch 30, dadurch gelnnnzelchnet daft 

die zugehdrigen Datenspeicher (8; 76; 300) auf den die benachbarten Elementarprozessoren (3) veitlnden- 
den Leitungen (7; 302, 303) erste Spelcher (76; 300), die von den benachbarten Elementarprozessoren (3) 
getelit werden, enthalten und den in den ersten Speichem (76; 300) von einer Mehrzahl der mit den ersten 
Speichem (76; 300) verbundenen Elementarprazesaoren (3) gespetoherten Inhatt direkt refbrenzleren und 
emeuem. 

45. Unter Ven(vendung eInes Infbmnationen verartMltenden Systenns (2) durchgefQhrtes Rechenverfahren nach An- 
spruch 42, daduich gakannzalchnetp daft 

die zugehdrigen Datenspeteher (8) Muit^rt-Spelcher (8; 76a) enthaltOT. 

46. Unter Venvendung eInes Informatlonen verarbeltenden Systems (2) durchgefQhrtes Rechenverfahren nach An- 



EP 0686 001 B1 



spruch 30, daduTBh gekennzelchnel. daft 

das Infbrmatlonen vererbeitende System (2) die Berechnung unSer Veiwendung von Puffenainrichtungen (60; 
304) zum vorObergerienden Puffem von Zugriflisanfragen auf die zugehOrfgen Datenspeicher (8; 76; 300) 
durctiflQhrt. 

47. Unter Verwendung einas Informationen verarbeitendan Systems (2) durchgefOhrtes RechanverfBhren nach An- 
spruch 30p daduich gekannzalchnalp daft 

die ElamentarprDzessoren (3) Jewells Pufferspeicher (76a) umfassan, In welche von den benachbarten Ele- 
mentarprozessoien (3) gesendete Dafen als Daten mtt Objaktname In Austauschvorgdngen zwischen den 
benachbarten Elementarpiozessofen (3) geschrleben werden, und 

die ElementBiprtKKsaoren (3) den Empfang von Daten von den benachbarten ElementarpraKessoren (3) 
durch Sixihen nach Dalen mtt Ot)|eldnanfie In wfihibarer Z^nabsUmmung von den PufTerepelchem (76a) ab- 
SGhlieOen. 

48. Unter Vsrwendung einea [nfbrmatlonen verartjeltenden Syalems (2) durchgefiQhrtes Rechenv^hren nach An- 
apmch 30p iladiireh gekeiunalcliiielp daft 

die Elementarprozessoren (3) Jewells passende Spalcher (63) zum V\tarten auf die fOr mindestens einen der 
RechenoperaUonen notwendigen (Men umfassen, und 

die Verarbertungaelnheit (6) In Jedem der Elementarprozeasoren (3) mdndestena eine voigeschrlebene Ope- 
ration unter den Rechenoperationen zu dem Punid im Zeitablauf durchfOhrt an dem die notwendigen Daten 
in dem passervJen Speicher (63) In demselben verfQgbar sind. 

49. Unter Verwendung einea Inlbmnatlonen verarbeitenden Syatems (2) durchgafQhrtes Rechenverfahren nach An- 
apruch 30p dadureh gekarmzalehnolp daft 

die Eiementarprozessoien (3) Jewells die zum WIedereinschreiben des die V^chenoperatlonen der Verarbel- 
tungseinheiten (5) fastsetzenden Programms verfQgbare Prograf m iispeteher (11) umfassen. 

50. Unter Venvendung einea Inlbmiationen verartieitenden Syatems (2) durchgefiQhrtes Rechenverfehren nach An- 
apruch 30, dbidui^ gekenmalchnef, daft 

die Verart>eitung8einheften (Q die Rechenoperationen under Vbnvendung ein und des aelben Rechenpfo- 
gramma durchfOhren, 

das Rechenprogramm die zugehdrlgen Datenspelcher (8) der Elementarprozessoren (3) nnit Intemen Punld- 
bits, die anzeigen, dalS die Gitterpunkte innerhalb eines Rechenbereichs In dem Feid Oder aut^eihalb des 
Objelds In dem Re^ienbereich bezQglich aller Gitterpunkte angeordnet sInd, mit den extemen Punktbits. die 
anzeigen. daft die Gitterpunkte aufierhaib des Rechenbereichs oder innerhalb einea Objekts In dem Rechen- 
bereich angeordnet aind, und mit Randbedlngungablts, die informationen Ober Randbedingungen bazQgllch 
der am Rand des Rechenbereichs angeordneten Gitterpunkte anzeigen, im voraus iaden, und 
das Rechenprogramm die Vbrarbeltung auf den Elementarprozessorsn (3) gemSft den intemen Punktbits, 
den extemen Punktbits und den Randbedlngungsbits flndert 

51. Unter Verwendung eines inlbrmatlonen verartMltenden Syatems (2) durchgefiQhrtes Rechenverfahren nach An- 
spruch 30, (foduiuh gekennieichneti daft 

Jede der Bearbeitungselnhelten (5) baslerend auf einem Datenflufisystem arbeitet. das simultane AusfQhrung 
einer IMehrzahl der verBChiedenen Beratehen jedea Programmspetehers (11)zugeordn6ten Programmen er^ 
mdgDcht, und 

Jede der Bearbeitungselnheiten (5) die Rechenoperationen einer Mehrzahl der Gitterpunkte simultan durch 
zuordnen einer Mehrzahl von Programmen zum Bearbeiten d^ Jeweligen Gitterpunkte zu verschiedenen 
Bereichen jedea Programmapetehers (11) auafOhrL 

52. Unter Verwendung eines infermationen verarbeitenden Syatems (2) durchgefOhries Rechenverfieihren nach An- 
spruch 51, dadmch gekennzeichnef, daft 
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das DatenfluCsystem ein dynemlsches dalengesleuertes System enthiit das zum sbnuHanen AusfOhren ein 
und des selben Programms mft EIngangsdaten elrw Mehrzahl von Sfitzen unter VSarwendung von Kennzelch- 
nem fihig ist 

53. Unter Verwendung eines InformaUonen verarbeitenden Systems (2) durohgefQhrtes Rechemverfahren nach An- 
sprudi 52, dtaduivh gefcennielchnet. daB 

die Verarbeftungseinheften (6) die Adresse der zugehdrigen Datenspeicher (8), die benachbarte Elementar- 
prozessoren (3) t>etreffende Daten speichem, berechnen und die zugehdrigen Datenspeicher (8) unter Ver- 
wandung der Adresse der zugehdrigen Datenspeicher (8) auf der Gmndlage des Werts des den EIngangs- 
daten zugeordneten Kennzelchners refierenzleren und emeuem. 

54. Unter Verwendung eInes Informationen verart)eitenden Systems (2) durchgefOhrtes Rechenverfahren nach An- 
spruch 30, dadureh galnnnzalchnet daft 

die Verarbeitungseinheiten (5) Jewells festverdrahteteSchaitungen (13) haben. In denenarithmetisch-loglsche 
Etemente ( 14) in einer auf einem Datenfiui&graph entspechend der verdrahteten Lx)gik fQr den teilwelsen Oder 
ganzen Datenverarbeitungsfluft tjaslerenden Gestalt verdiahtet aind. 

55. Unter Venwendung eInes Informationen verarbeitenden Systems (2) durchgefOhrtes Rechenveriahren nach An- 
spruch 30, dadureh gekennzeichnet daft 

die Verarbeitungseinheiten (5) Jewells festverdrahtete Schaltungen (13) nach ein und der selben verdratrteten 
Logifc haben, 

die fastverdrahteten Schaltungen die zugehdrigen Datenspeicher (8) der Elementarprozessoren (3) mit inter- 
nen Punldblts, die anzeigen, dal^ Qitterpunkte Innertidb eines Rechent>erelch8 In dem Feld Oder auftertiaib 
des Objekts In dem Rechent>ereich bezOgilch ailer Glttarpunlcte angeordnet sind, mit den ^demen PunktbitB, 
die anzeigen, daft die GItterpunfde aufterhab des Rechenbersichs oder innerhalb eInes ObJeMs In dem Re- 
chenbereich angeordnet sind, und mit Randbedingungsbits, die Informationen Ober Randbedin^ngen bezOg- 
Dch der am Rand des Rechenbereichs angeordneten Gitterpunlde anze^en, im voraus laden, und 
die festverdrahteten Schaltungen (13) die Verart>eitung des Datenflufigraphs gemdft den Intemen Punktblts, 
den e3demen Punktbils und den Randbedingungsbits dndem. 

58. Unter Vanvendung eInes Infomiationen verarbeitenden Systems (2) durchgefOhrtes Rechenveifahren nach An- 
spruch 54, dadureh gekennzelchnel, daft 

die Verarbeitungseinheiten (5) Jewells arlthmetische Vbrrfchtungen (10) zum direkten AusliQhren von Opera- 
Honscodes zum kumulathren Addleren der JeweiDgen Ergebnisse von MuWpDkatkut von erstem Eingang mit 
zweitem Bngang, drittem Eingang mit viefftom Eingang, fOnftem Eingang mit sechstem Eingang, .... (2 x N - 
1)-tem Eingang mit (2 x N)-tem Eingang zu 2N EIngangsdaten haben. 

57. Unter Vanvendung eines Infonnationen verarbeitenden Systems (2) durchgefOhrtes Rechenverfahren nach An- 
spruch 54, dadureh gekennzeichnet, daft 

das Informations verart)eltende System (2) die Hauligkelt der Austauschvorgdnge an alien Gitterpunkten 
durch DurchfQhren von leeren AustauschvorgSngen auch fQr die Gitterpunkte mit gerfnger Hfiuflgkeit von Aus- 
tauschvorgdngen zum Ldsen der mindestens ekien besUmmenden Glelchung des RiWes niveliiert, well die 
das ObJekt der Berechnung bildenden Gitterpunkte am Rand von Bereichen gefunden warden. 

58. Unter Verwendung eines Informationen verarbeitenden Systems (2) durchgefOhrtes Rechenverfahren nach An- 
spruch 30, dadureh gekennzeichnet. daft 

das Informationen verarbeitende System (2) die Haufigkelt der Operationen an alien Gitterpunkten durch 
DurchfQhren von Scheinoperatlonen auch fQr Gitterpunkte mit geririger Operatlonshaufigkeit zum Ljdsen der 
mindestens einen bestlnrvnenden Glelchung des Feldes nivelllert, well die das ObJekt der Berechnung bilden- 
den Gitterpunkte am Rand von Beretehen gefunden werden. 

69, Unter Venvendung eines Informationen verBrt)eitenden Systems (2) durchgefOhrtes Rechenverfiahren nach An- 
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spruch 30, dadurch g^ruizeichnet. daB 

das Infbrmationen verarteitende System (2) ein Bearbeiten Jades GKtarpunkts zum Rnden einer Ldsung mSn- 
destens einer Differantlalglefchung mtt der Meltiode der finiten DtfTerenzen und Austauschvoiginge zwfachen 
9 den JeweRlgen Qltterpunkten durchfOhrt, Informationen, welche die Notwendlgkelt Oder nicht einer Kommunl- 

kation und die Austai^chmethode fQr Jeden Gitteipunkt anzeigen. 

60. Unter Venvendung eines Infbrmatjonen verarteitenden Systems (2) durchgefuhites Rechenverfahren nach An- 
apruch 30, dadurch gekennzalchnat da& 

10 

das I nformationen verarbeitende System (2), das ein Bearbeitan Jedes Gitterpunlds zum Rnden einer Ldsung 
mlndeslens einer DifferentialglelGhung mit der Methode der finiten Differenzen durchfDhit, Jedem Gitterpunld 
einen Speichert>ereich zuweist, Austauschvorgangezwlschen Infbnnationen von t>enachbarten GItterpunkten 
dircli den Speicherbereich durchfUhrt und Jeden der GItterpunkte mil Infomiationen zum Anzeigen des Spei- 
^fi cherterelchs veisorgt, der zur fOr die Kbmmunikation in Jeder Richtung, In der Kommunfkatlan erfblgen soilto, 

voigesehen 1st. 

61. Unter Verwendung eInes inlbmiationen verart>eitenden Systems (2) durchgefQIvtes Rechenverfaliren nach An- 
spruch 60, dadurch gekannzelchnet, dafi 

20 

das Inffomiationen verarbeitende System (2) Jeden der Gitterpunkte mit Infdrmatton versorgt, die einen aflge- 
melnen Ijeerbereteh in der Richtungp In der Kommunikallon unmOglich 1st, anzelgt 

6Z Unter Venwendung eines Inlbmiationen verarteitenden Systems (2) durchgefiahries Rechenverfahren nach An- 
25 spruch 30, dadurch gekennzelchnet. daB 

wsnn die benachbarten GItterpunkte Qber verschiedene Bementerprozessoren (3) zugeordnet werden, die 
Eiementarprozessoren (3) auf belden Selten zwei Datenpaare rechtzeltig fOr eine ZwischenkommunikatJon 
halten und, wenn die Daten fQr diese Gitterpunkte emeueii worden sind, die Prozessoren (3) dte Daten nicht 
30 wiedereinschreiben, falis irigendeine Verschiet>ung der emeuerten Daten hdchstens so groB wie der voige- 

schrtebene Wert Im Vergielch zu den Daten des chronok)gisch vortiergehenden Paais Ist 

63. Unter Verwendung eInes Informationen verarbeitenden Systems (2) durchgefuhrtes Rechenverfahren nach An- 
spruch 60, dadurch gekenmeichnet, daB 

das informattonen verarbeitende System (2) den zugehdrlgen Datenspetehem (8) virtuelie Datenb^eiche zu- 
welat, die Gitterpunkte simulleren, welche dem Rand des das Ob|ekt der Berechnung der mindestens einen 
vorgeschrfebenen Glelchung darsiellenden Ftechenbereichs am nSchsten befinden und auBerhalb des Re- 
chenbereichs Degen. 

40 

64^ Unter Vsndrendung eines intbrmatlonen verartieltenden Systems (2) durchgefiOhrtes F^echenverffahien nach An- 
spruch 30, dadurch gefcennzeichnet. daB 

das inlbnnnatlonen verarbeitende System (2) eine Feinknotenkopplung (7a), die die gegenseitig benacht)arten 
45 Eiementarprozessoren (3) mlteinander verbindat, und eine Grobknotenkoppiung (7b), die dte Eiementarpro- 

zessoren (3) mlteinander durch Oberaprlngen mindestens eines der Bementarprozessoren (3) dazwischen 
verblndet, aufwelst 

66, Unter Verwendung eines Inlbmiationen verartjeitenden Systems (2) durchgefQhrtes Rechenverfahren nach An- 
60 apruch 64, dadurch gakannzalchnoty daB 

das inlbmiationen verarbeitende System (2) die Berechnung der mindestens einen vorgeschrlebenen Giel- 
Chung durch abwechselndes AusfUhren einer Berechnung durch dte durch die Grobknotenkoppiung (7b) ver- 
bundenen Elementarpro;rassoren (3) und Berechnung durch die durch die Felnknotenkoppiung (7a) vertun- 
85 denen Elementarpronssoren (3) IbrtfiOhrt. 

66. Unter Venwendung eines infbmiationen verartTeitenden Systems (2) durchgefuhrtes l^echenvertehren nach An- 
spruch 30, dadurch gekennzalohnet daB 
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das Informalionen verartieitende System (2) die Berechnung der mindestens einen bestimmenden Gleichung 
des Feldes unter Venwendung nur eines l^ils der ausgew&htten GItteipunkte parallel zur Berechnung der 
mindestens einen bestimmenden Gleichung des Feldes unter Venwendung aller Gitterpiffiicte durchlDhri 

67. Unter Verwendung eines Infbmnationen verartieltenden Systems (2) durchgellQhrtes Rechenverf^hren nach An- 
spruch 30, daduRPh gekennzelchnei daft 

sich der Aigorithmus zur Berechnung der mindestens einen bestimmenden Gleichung des FeldeSp der nur 
ai^ewahite Qitterpunlcte venArendet, von dem Mgcrlthmus zur Berechnung der mindestens einen bestim- 
menden Gleichung des Feldes unterscheidet, der alie Gitt^punide venwendet. 

68. Unter Venwendung eInes infbrmationen veraibeltenden Systems (2) durchgefOhrtes Rechenverfahfen nach An- 
spruch 67, dadurch gakennzalchnetp daft 

das infbnnationen verarbeitende System (2) mindestens zwel gegenseitig benacht>arte Gltterpunlcte betref- 
fsnde Datenpaare in zeitlicher Abfoige hat und die Operation der Gitterpunkta abbricht. wenn die Summe der 
Schwankung zwischen den Datenpaaren nicht grdfter ist als der voigeschrlebene WsrL 

69. Unter Venvendung eines Infbrmationen verartieltenden Systems (2) durchgefOhrtes Rechenverfehren nach An- 
spruch 68, dadurch gekennzeichnei daft 

der Wert der vorge^rlebenen Summe fOr das Unterlassen der Operation der GItterpunkte, der vom Wert der 
Schwanlaing zwischen zwei Datenpaaren abhSngt, gemSi^ dem Grad der Konvergenz reduziert wird. 

70. Unter Venwendung eines infbnnationen veraifoeitenden Systems (2) durchgefuhrtes Rechenverfahfen nach An- 
spruch 30p dadureh gakermzalchne^ daft 

die Elementarprozessoren (3) Jewells Ausgabeeirtfielten (91) zum asynchronen Lesen von Ausgabedaten, 
Ausstatten dieser Ausgabedaten mit zum Anordnen und Sortieren von Daten notwendigen Kennzeichnem 
und Senden von Daten nach aufterhalb der Elementarprozessoren (3) haben. 

71. Unter Venwendung eines infbmiationen verart)eltenden Systems (2) durchgefQhrtes Rechenverfahren nach An- 
spruch 70, dadurch gekennzelchnel. daft 

das Informalionen venut>eitende System (2) eine Ausgabedaten-BildverartMitungseinheit (97) zum Sammeln 
von Ausgangsdaten von den Ausgabeeinhelten (91) der Hementarpr a zessoran (3) und Erzeugen von sicht- 
baren Blldem der Ausgangsdaten In Echtzeit, basieiend auf den asynchron von alien Elementarprozessoren 
(3) eintrsffenden Ausgangsdaten, aufweist. 

72. Unter Venwendung eines Infbrmationen verarbeltenden Systems (2) durchgefUhrtes Rechenverfahren nach An- 
spruch 30, dadurch gekannzalchnet, daft 

das Infbrmationen verarbeitende System (2) eine Koordinalenumwandiungselnheit (120) zum Umwandeln 
eines ersten, von dem die Elementarprczessorsn (3) steuemden Hauptrechner (1) venwendeten iCbordlna- 
tensystems In ein zweites, von den Elementarprozessoren (3) venwendetes Koordlnatensystem, wenn Daten 
vom Hauptrechner (1) zu den Elemenlaiprozessoren (3) Qbertrsgen warden, und Umwandeln des zwelten, 
von den Elementarprozessoren (3) venwendeten Koordinatensystems in das erste, vom Hauptrechner (1) 
venwendeten Koordlnatonsystem, wenn Oaten von den Eiementarprozessoren (3) zum Hauptrechner (1) Ober- 
Iragen werden, aufWeist. 

73. Unter Venwendung eines infbnnationen verartraitenden Systems (2) durchgefOhrtes Rechenverfahren nach An- 
spruch 30, dadurch gekennzelchnel, daft 

die Mehrzahi von Elementarprozessoren (3) eine Mehrzahl von Bementarprozessoren (3) Ist, die integral von 
einem Hauptrechner (1) gesteuert werden, 

erste In Jedem der Elementarprozessoren (3) bereitgesteDte und von den Verarfoeltungseinheiten (6) unaK>- 
hdngige iConvergenzbeurteliungseinh^ten ( 1 83) zur Beurteilung der Konvergenz ohne StOren der Berechnung 
der Verarbeltungseinhelten (6) aufVveisen, und 



81 



EP 0096 001 B1 



das Informationen vemrbeitende System (2) gekermaelGhnet isl durch 

erste Kommunikatlonswege (181) zum Teilen ^ner Mehrzahl der Elementarprozessoren (3) In eine Mohr- 
zahl von Gruppen und zum Verbinden der ersten Konvergenzbeurtellungseinheiten (183) der JewelDgen 
Bemefrtarprozessoren (3) in Fomneiner unldlrektlonat geschlosenen Schlelfe Oder In einerzentralisierten 
Fomi in den Jewelligen Gruppen, und 

zwelte Kommunikatlonswege (182), die mit jedem der ersten Kommunikatjonswege (181) der Gnjppen 
verbunden sind und alle Konvergenzbeurtellungseinheiten (183), die die Ergebnisse der Konvergenzbe- 
urtellungallerKonvergenzbeurteliun^nheiten (183) in den ^uppen und alierKonvergenzbeurteflungs- 
elnheiten (183) der Gnippen Integrieren, in Form einer unidirelctlonal geschlosenen Sdileife Oder in einer 
zentralisierten Form vertoinden. 

74. Unter Verwendung eines Infbnnatlonen verarbeitenden Systems (2) durchgefQhrtes Rechenverfahren nach An- 
apruch 30, dadureh gakomaalchnelp daft 

das Informationen vefarbeftende System (2) mindestens einw Weg (181) zum Obertiagen von Nachrichten 

einer Mehizahl der Ejementarprozessonen (3) aufweist, und 

das Rechenverfiahren welter gekennnlchnat lat durch die Schrltte 

(a) Beurteilen der Konvergenz auf Jedem der Elementarprozessoren (3) oder mindestens einem V^rar- 
beitungsmittei (5), das Jedem der Elementarprozessoren (3) zugeordnet ist; 

(b) Senden einer ersten Nachrichtp die einen voigeschriebenen Elementarprozessor (3) oder eine Verar- 
beitungsvorrfchtung (5) des voigeschriebenen Elements (3) anzeigt, wenn d» Infonnationen verarbel- 
tende System (2) die Konvergenz auf dam voigeschriebenen Elementarprozessor (3) oder dem Vsrar- 
beitungsmittel (5) des vorgeschrlebenen □ements (3) feststellt; 

(c) Senden efrier zwetten Nachrfctit, die die Itenvergenz auf dem die erste oder zweite Nachrlcht von dem 
benachbarten Elementarprozessor (3) eitialtenden Elementarprozessor (3) oder Verarbeltungsmlttel (5) 
Oder dem benachbarten Elementarprozesaor (3) nach dem die erste oder zweite Nachrlcht erhaltenden 
Elementarprozessor (3) oder Vsrarbeitungsmittel (5) anzeigt; und 

(d) Beurt^len der IConvergenz aller Elementarprozessoren (3) dutch Obertregen der zrniten Nachrlcht 
eine nach der anderen durch Wledeihoien des Schrttts (c). 

75. Unter Venwendung eines informationen verart}eitenden Systems (2) durchgefiQhrtes Rechenveifahren nach An- 
apruch 74, dadwch gekermzelchnet. daft 

das informationen verart)eitende System (2) Schritt (a) bis Schritt (d) fQr eine Mehrzahl von Bestitigungen 
der Konveigenz alter Elementarprozessoren (3) wiedertiolt 

70. Unter Venvendung eines informationen verarbeitenden Systems (2) durchgefQhites Rechenverfehren nach An- 
apruch 76, dadureh gakannzalehirol, daft 

das informationen verarbeitende System (2) ein zweltes Konvergenzbeurteaungsmittel aufweist. 

der mindestens eine Weg eine Mehizahl von verschledenen, die Vsrarbeitungsmittei (5) verbindenden Wegen 

einschliefit, und 

das zweite Konvergenzbeurtefiungsmittei (fie Konvergenz ailer Elementaiprozessoren (3) auf mehriiache Wel- 
ae durch die eine nach der anderen Qber die Mehizahl von verschiedenen Wegen Qbertragenen Nachrlchten 
bestitlgt 

77. Unter Venvendung eines Intbmiatlonen verart)ettenden Systems (2) durchgefQhites Rechenverfahren nach An- 
apruch 70, dadureh gekannzalchiiet daft 

das informationen verarbeitende System (2) eine Beurtellung der Konveigenz durch Abtvechen der Vlsrarbei- 
tung aller Bementarprozessoren (3) oder der V3rart)eitung8mlttel (5) emeut erstellt, nachdem die Vollendung 
einer allgemeinen Konvergenz durch die die aflgemeine Konveigenz feststeiienden Prazesse festgestellt wor- 
denlsL 

7ft. Unter Vemvendung eines informationen verBrt)eltenden Systems (2) mit einer Mehizahl von ElementaiprozessoiBn 
(3) durchgefOhrtes Rechenverfahren nach Anspruch 30, welter gekennnlchnet dureh ifle Schrltte: 
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Initlalisieren von Speichermittein zum Speichem der Erigebnisse der Kbnvergenzbeurt^lung; und 
Feststellen von Konvergenz odor nicht der Bmchnung fOr die Gltterpunkte fOr die JeweiOgen von den Ele- 
menlarprozessoffen (3) Qbemommenen Gltterpunkte und, l^is festgestellt wurde, da& Kbnvengenz nicht er- 
relcht wurde, Festlegen der SpeichervoiTicMungen auT die vorgeschrfebenen logbchen Wsrte. 

79. Informationen verBrtettendes System (2) nach Anepiwh 1 , dadurch gekenineichnel. daft 

die Mehrzahlvon Elementarprozessoren (3)diezugehdngen Datenspelcher (300) zwfschenden benachbarten 
Eiementarprazesaoren (3) teift, und 

jeder der Mehrzahf von Elementarprozesaoren (3) eine mK einer Mehrzahl von mit den benachbarten Elemen- 
terprozessoren (3) geteilten Datenspelchmi (300) gemelnsam verbundenen Elngabe^Ausgabe-Kontaolleln- 
heilen (301) zur Kontrolle dee Eingangs/Ausganga von Daten mif einem der Mehrzahl von Datenapetehem 
(300) durch Umschalten der Kbmmunikatlonsrtehtung gemfifi einem ZugrHfisbedarf aulWelst. 

80. Informationen verarbeitendes System (2) nach Anspojch 1 , welter gekennaeichnet dureh 

eine Mehrzahl von in Obereinstlmmung mit der Mehrzahl von Elementarprozessoren (3) bereltgestellten Re- 
gistem (305) zum voiObeigehenden Speichem der Ergebnisse der Konveigenzbeurteilung einer von jedem 
der Mehrzahl von Elementarprozessoren (3) ausgefuhrten Operation; und 

eIner verdrshteten ODER-Schaitung zum Eizeugen eines loglschen Produkls des Ausgangs einer Mehizahl 
der Register (305). 

81. Unter Venvendung eInes Infbmiatlonen verarbeltenden Systems (2) durchgefQhrtes Rechenverfahren nach An- 
apruch 30, dadinch gekennaelchneti daft 

eine Mehrzahl der Elementarprozessoren (3) die zugehdrigen Datenspelcher (300) zwischen den benachbar^ 
ten Elementarprozessoren (3) teitt, 

Jeder der Mehrzahl von Elementarprozessoren (3) eine mit einer Melvzahl von mit den bermchbarten Elemen- 
tarprozessoren (3) geteilten Datenspelchem (300) gemelnsam verbundenen Eingabe-ZAusgabe-KontfoOein- 
helten (301) zur Kontroiie des Eingangs/Ausgangs der Daten mit einem der Mehizahl von Datenspelchem 
(300) durch Umschalten der fCbmrnunlkationsrlchtung gemffi einem Zugriflsbedarf aufVvelstp und 
jeder der Mehrzahl von Elementarprozessoren (3) den inhalt des Datenspelchere dureh die Eingabe-ZAusga- 
be-Kontrolleinhelt (301) reterenziert 

8Z Unter Venirendung eines Informationen verarbeltenden Systems (2) durchgeliQhrtes Rechenverfahren nach An- 
apruch 30, dadiacli gelnnnzalchnelp daft 

das Informationen versrbeltende System (2) die Ergebnisse der Konvergenzbeurtellung des Icorrespondleren 
Elementerprozessors (3) In der Mehrzahl von in Obereinstlmmung mit der Ifehrzahi von Elementarprozesso- 
ren (3) bereltgestellten Reglstem (305) vorQbergehend speichert, und Operationen ausfOhrt, wdhrend es das 
logische Produld des in einer Mehrzahl der Register (305) gespeicherten Ergebnisse der Beurtellung der Kon- 
veigenz mit der verdrahteten ODER-Schaltung nimmt. 

83. Unter Verwendung eines Informationen verarbeltenden Systems (2) durchgefQhrtes Rechenverfahren nach An- 
spruch do, dadureh gekennzalchnatp daft 

die Anzahi der Gltterpunkte fQr einen Elementarpn^zessor (3), der Insteblle Gltterpunkte zur Analyse, in der 
es Insteblle Faktmn gibt. enthglt. Melner 1st als die Anzahi der Gltterpunkte fur eInen Etementerprozessor 
(3), der Iceine Instabllen Gltterpunkte zur Analyse enthdit. 



RevendlGaflons 

1. Syst&me de traitement dinformattons (2), comprenani : 

una plurBlit6 de processeurs d'dldment (3) ayant respectlvement des unites de traitement (5) pour reailser 
des op6ratk)ns de calcul et des mdmolres de donndes assoddes (8, 76 ; 300) pour stocker des donnto 
concemant lesdites op6ratk3ns de calcul pour r6allser te calcul en asslgnant en ce qui oonceme au moins 
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une Equation d'administration d'un champ qui peut etre dtolt dans au molns une Equation prescrite en ulilisant 
ladlte pluralitd de prDcesseure didment (3), una pluralH^ de points de rteeaux obtenus en divisant apatlale- 
ment ledt champ pour lesdiis procasseurB d*6l§ment (3) ; ef 

une pluraDt6 de bus Indivtduets de donndes (7) pour avoir des communications mutueDes desdites donntes 
entre oeux adjacents desdits processeurs M\6rrmi (3) ; oC^ 

ledit calcul est rdalM en falsant fonctlonner lesdits processeurs d'614ment (3) de fa^on asynchrone et 
ind6pendante en utilisant lesdites donntes transmlses via lesdits bus de donntes (7) ; 
iedit systdme de traitement d'lnformations (2) 61ant caract6ri86 an ce que chacun desdits processeurs 
d'element (3) tolt ou lit directement dans ou d partir desdits mfimolres de donntes assodtes (6 ; 76 ; 
300) des processeurs tfdidment a<flaoents (3) via un desdits bus Indlviduels de donndes (7) pour une 
communication entre eux. 

2. Systeme de traitement dHnformations (2) seion ia revendlcation 1 , dans lequel ladite m6moIre de ddnntes asso- 
dtes (6» 76, 300) de cheque processeur d'6l6ment respedif (3) oomprend une mdmoire de donntes (8) dans ledit 
prooesseur d'dlteient respectif (3). 

3. Syst&me de traitement d'infbrmatlons (2) seion ia revendlcation 1, dans lequel ladite mSmoIre de donntes asso- 
dtes (6, 76, 300) de chaque prooesseur d'6i6ment respectif (3) oomprend une mtetoirs partagte (76) disposte 
en dehors dudit processeur d'6l6ment respectif (3) le long d'un chemin de donntes entre le(fit processeur d'dldment 
respectif (3) et un processeur d'dlteient (3) adjacent 6 oelui-d. 

4. Sysfc&me de traitement dlnfbrmations (2) salon la revendlcation 1 , dans lequel ladite mteidre de donntes asso- 
dtes (8 ; 76 ; 300) de chaque processeur d'dldment raspedif (3) oontient des donntes dupliqutes des piooasseurs 
tfdlteient adiaoents sdledionnd (3). 

6. Systdme de traitement d*lnfbrmatlons (2) seion la revendlcation 1 , dans lequel une pluraiit6 d'6tapes temporelies 
oorespondant k ceiles Identlques desdits pdnitB de rteeaux sont en outre asslgntes auxdits processeurs d*6l6- 
ment (3). 

ff. Syst^me de traitement dlnfomnatlons (2) seion la revendlcation 6, ctens lequel une pluraDt6 de plans bidimenslon- 
nels (18), dans lesquels lesdits processeurs d*6l6ment (3) r^alisant le traitement desdits points de rteeaux obtenus 
en divisant spatialement un champ bidlmensionnel sont disposte bidimendonnellement sont disposte le long de 
la base de temps a construira tridimensionnenement, iorsqu'une solution analytlque bidnienstonnelle est recher- 
ch6e, et lesdits processeurs d'dlSment (3) sont oonstmlts en pipeline dans la dliection de la base de temps. 

7. Systems de traitement ^informations (2) seion la revendlcation 1 , comprenant en outre un moyen de transmission 
(4) pour transmettre des conditions initiates ^ des conditions de llmlle aumllts processeurs tf^^ment (3). 

8. Syst&me de traitement dinlbrmatlons (2) seion la revendlcation 1 . dans lequel des communications de donntes 
entre lesdits processeurs d*6i6ment ffiQ^nts (3) sont rtelistes IndrvidueOement pour chacun desdits processeurs 
d'dtement (3), de fagon asynchrone et rdp6titlve. 

9. Systteie de traitement dinlbnnations (2) seion la revendlcation 1 . dans lequel des communications de donntes 
entre lesdits processeurs d*6i6ment adjacents (3) sont des communications de message et r^aRstes avec un flux 
de multiples Instructions et un flux de multiples donnSes. 

10. Systteie de traitement dinfformations (2) seion la revendlcation 1 , dans lequel lesdits processeurs tfWment (3) 
peuvent se r^^rer directement, respecUvement, ft ladite mdmdre de donntes assodtes (6, 76, 300) desdits 
processeurs d'616ment adjacents (3). 

1 1. Systdme de traitement ^informations (2) seion ia revendlcation 1 0, oCk lesdits processeurs d'6l6ment (3) peuvent 
se rdfdrer et renouveler directement, respectivement, lesdites donntes assoddes (6, 76, 300) descfits processeurs 
tTMnmnt adjacents (3). 

12. Systdme de traitement dinfomiatlons (2) seion la revendlcation 1, dans lequel lesdits mdmoires de donntes as- 
sodtes (8, 76, 300) comprennent, sur les routes (7, 302, 303) reliant lesdits processeurs d'^idment adjacents (3), 
des prsmldres mtendres (76, 300) partagtes par lesdits processeurs d'Mment adjacents (3) et peuvent se rflliftier 
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et renouveler diredement le oontenu stockd dans lesdites premieres mdmoim (76. 300) 6 partir d'une plurality 
desdits processeure cfdldmenl (3) reocordds aux<flte8 premieres mdmolraa (76, 300). 

13. Systfeme de traitement dlnformatfons (2) sefon la revendlcaflon 10, dans lequel lesdits mSmoIres de donn^ 
aasoddes (6) comprennent des m6molres mulflports (8, 76a). 

14. Systame de traitament dlnfbrmations (2) salon la ravandicaUon 1, comprenant an outre un moyan da tampon (80, 
304) pour mettre en tampon temporairement una demande d'aoc6s auxdltes m6mofres de donn6es assocites (8, 
76; 300). 

10 

15. Sysldma da traHement dinfomiations (2) salon la revandlcatlon 1, dans lequel : 

lesdtts prooesseurs d'dldment (3) ont respectlvement dee m6molres tampons (76a) dans lesquelies les don- 
n^ envoy6es par lesdits pnDcesseurs d'6l6ment adjacents (3) sont toltes comma des donndes avec un 
15 nom d'okijat dans das oommunlcations antra lasdHs pnocessaurs d'^^ment adHaoants (3). at 

lesdits prooesseurs d'6l§mant (3) oomplatent la rdception des donndas a partir dasdits prucesseurs d'aldmant 
acfaoents (3) en recherchant des donndes avec un nom d'objet d une lemporisation optionneile k partir des- 
dites mAmolres tampons (76a). 

20 16. Systdme de traitement d*lnformatlons (2) selon la revandlcatlon 1. dans lequel : 

lesdits prooesseurs d'dl^ment (3) ont respectlvement des m^molres d'adaptatlon (83) pour attendre lesdttes 
donn6es ndcessalres pendant au molns une desdites operations de calcul, et 

ladlte unlt6 de traitement (5) dans chacun desdits prooesseurs aMmant (3) rdalise au moins une operation 
^ pnascrite enire lesdites opdratkms de calcul a rinstant dans una sdquenoa tamporalia lorsque les donntes 

nteessalras sont dIsponitHes dans ladlte m6molre d'adaptatlon (83) dans celle<:i. 

17. Syst&me de traitement dinfomriations (2) selon la revendicatlon 1, dans lequel lesdits processeurs d*^^nent (3) 
ont respectlvement des mdmolres de programme (11) disponibles pour rd-6crira le programme stipulant las op^ 

30 rations desdites unites da traKament (5). 

18. Systfeme de traitement dlnfbrmations (2) selon la revandlcatlon 1, dans lequel : 

chacune desdites unitds de traitement (5) travailie sur la k>a8e d'un systeme de flux de donndes qui pennet 
36 rexfojUon slmultan6e d'une pluraOt6 desdits programmes assignds k diff6rentes zones de chacune desdits 

nr)6moires de programme (11), et 

chacune desdites unites de traitement (5) exteute lesdites operations de calcul d*une pluraiit6 desdits points 
de rtoaaux slmultanemant en asslgnant une piuralltd de programmes pour traitar lesdits points de i^seaux 
raspectiis aux dif^drantes zones de chacune desdits mdmoires de programme (11). 

40 

19. Systeme de traitement d'inlbnnations (2) selon ia revendicatlon 18, dans lequei iedit syst&me de flux de donnfes 
oomprend un systems dynamique commande par des donnees capable d'executer simultanement un meme pro- 
gramme sur des donnees d'une plursllte de Jeux avec Pulillsation d'Identifleurs. 

4ff 20. Systems de traitement dinfomiations (2) selon la revendicatlon 1, dans lequei lesdites unites de traitement (5) ont 
respectlvement des dncuits materlels (13) dans lesquels des elements arlthmetlques logiques (14) sont cdbies 
dans la forme basee sur un graphe de flux de donnees selon la iogique cdblee pour une pertle ou Tensemble du 
flux de traitement de donnees. 

60 21 . Systeme de traitement dinformations (2) selon la revendicatlon 1 , dans lequd : 

tesdites unites de traitement (5) ont respectlvement des circuits materials (13) salon une mdme Iogique cdbiee, 
lesdits circuits materlels (13) chargent k i'avanoe lesdites memofres associees (8) desdits processeurs d*eie- 
ment (3) avec des bits de points intemes indlquant que lesdits points de r^seaux sont positionnes k llnterieur 
68 (Tune zone de calcul dans Iedit domains o£i k I'exterleur dudit ot)|et dans ladlte zone de calcul par rapport k 

tous lesdits pdnte de reseaux, avec lesdite bits de points extemes lndk|uant que lesdHs points de reseaux 
sont positionnes en dehors de ladite zone de calcul oD d rinterteur d'un otjet dans ladlte zone de calcul, et 
avec des bits de condition de llmlte Indlquant des Infbrmatlons de condition de limlte par rapport auxdits points 
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de ridseaux posilionnte i la limite de ladite zone de calcul, at 

lesdKs circuits matdrlels (13) chartoent la traltemant dU graphe du flt4x de donndes aelon lesdKs bits de points 
Ihtemes, lesdtts bits da points axtemes at lescfits bits de conditions de HmHe. 

22. Sysft&nne de traltemant dinfbrmatlons (2) selcn la revendlcatlon 20, dans lequel lesdites unites de traitement (5) 
ont respectivenient en outre des dispositlfs arithm^lques (10) pour extoiter directement des codes d'opdration 
pour additionner cumulativement des rteullats respectHs de multiplication de la premie enlite par la seconde 
entr6e, la trol8l6me entree par fa quatri6me entr6e, la cinqui&me entree par la aixl&me entrte la (2 x N - 1) ^ 
entnde par la (2 x N}^^ entree pour 2N dl^ments de donn^es d'entr^. 

23. Systdme de traitement d'infiormations (2) salon ia revendlcatlon 1 comprenant en outre des ooupiages fins de 
noeuds (7a) reliant lesdits prooesseurs d'dldment adjacents (3) les ws aux autres et des ooupiages giossiers de 
noeuds (7b) reliant lesdfts prcx^esseurs d'^ldment (3) lea una aux aulres en ne sautant pas mdns qu*un desdils 
processeurs d'6l6ment (3) entre eux. 

2A. Systdme de traitement dlnfbnnations (2) selon ia revendlcatlon 1 oCi lesdits processeurs d'df^ment (3) ont res- 
pectfvemant des unltds de sortie (91) pour exiraire de ffagon asyndirone des donn^es de sortie, Ibumlssant k ces 
donn^es de sortie des identtfleurs ndcessaines pour disposer et trier les donnfes et envoyer des donndes d I'ex- 
t6rleur desdits processeurB d'^l^ent (3). 

2S, Syst&me de traitement dinfbrmatlons (2) seton la revendication 24 comprenant en outre une unft6 de traitement 
d'lm^ededonnSesde sortie (97) pou collecler des donn^esde sortie d partlrdesdita unites de sortie (91)desdits 
processeurs d'^l^ment (3) et pour g6n6rer des images vislbles desdites donn^es de sortie en temps r^l sur la 
base des donndes de sortie arrlvant de fagon asynclirone a parllr de tous lesdits processeurs d'^ldment (3). 

2tti Syst&me de traitement tflnfbrmatlons (2) selon ia revendlcatlon 1, comprenant en outre une unlt6 de conversion 
de coordonntes (120) pour convertir un premier systdme de coordonn^es utilise par un ordlnateur central (1) 
commandant lesdits prcx^sseiffs tf ^6ment (3) en un second syst^e de coordonntes utilise par lesdits proces- 
seurs d'dldment (3) lorsque des donndes sent transfdrtes dudit ordlnateur central (1) vers lesdits prooesseurs 
d'Mment (3), et pour convertir ledH second sys^me de ooordorwi^es utHisd par lesdits prooesseurs d'^dment (3) 
dans ledit premier syat&me de coordonn^s utilise par ledit ordinafeur central (1) lorsque les donntes sent trans- 
f6r6es d partir desdits processeurs d'^l^ment (3) audit ordlnateur central (1). 

27. Syst&me de traitement d'infbrmations (2) selon ia revendication 1, dans lequel 

iadlte plurality de prooesseurs d'filfiment (3) command^ de fegon Int6gr§e par rordlnateur central (1) comprend 
respecUvement des premldnes unites de test de convergence (183), fbumies dans chacun des processeurs 
d*6l6ment (3) et inddpendamment desdites unites de traitement (5), pourtester la oonveigenoe sans peiturber 
le calcul des uni^s de traitement (5). et 
ledit syatdme de traitement d'lnformatlons (2) comprenant en outre : 

des premidrss routes de communication (181) pour diviser une pluralite desdits processeurs d*Wment 
(3) en une plurafitd de groupes et en reliant lesdites promldres unltte de test de convergence (183) desdits 
prooesseurs tfdldment (3) sous la fonne d'une boude fermte unidlrectionnelle ou dans une forme oen- 
trallate dans lesdits groupes respectlfs ; 

des secondes unitfis de test de convergence (180) raccordSes auxdites premldres routes de communi- 
cation (1 81) respectivement. pour Intdgror les rdsuitats de test de convergence de toutes lesdites promld- 
res unKAs de test de convergence (183) dans lesdits groupes ; et 

des secondes routes de communication (182) pour raccorder toutes les secondes unites de test de con- 
vergence (180) auxdfts groupes sous la fbrnne d*une boucle fermte unldirectlonnelle ou dans une forme 
centrailste. 

28. Systftme de traitement dlnformations (2) selon la revendlcatlon 1, comprenant en outre : 

au molns une route (181) pour transferer des messages rfune piuralltd desdits processeurs d'dlSment (3) ; 
un premier moyen de test de convergence (183) pour tester des convergences sur lesdHs processeurs d"^^ 
ment (3) ou pas molns qu'Un moyen de traitement (5) assignd ft chacun desdits processeurs d'6l6ment (3) ; 
un premier moyen d'envol de messages (183) pour envoyer un premier message Indiquant la convergence 
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8ur un prooesseur d'dKment prescrfit (3) ou sur \q moyw de Iraitement (S) dudit processeur tf616ment present 
(3) lofBque ledit prBmier moyen de test de convergence (183) teste la conveigence sur ledit processeur d*dld- 
ment prescrit (3) ou iedit moyen de traHement (5) de celuf-d ; 

un second moyen d'envoi de messages pour envoyer un second message Indlquant la convergence sur le 
processeur d'6l6ment (3) ou le moyen de traitement (6) reoevant ledit premier ou second message du pro- 
cesseur d'element adjacent (3) ou te processeur d'dldment adjacent (3) apres que ledit processeur d'^dment 
(3) ou ledit moyen de traitement (5) a re^ ledit premier ou second message ; et 
un second moyen de test de convergence pour tester la convergence de tous lesdits prooesseurB 6l6ment 
(3) en transfftrant ladH second message Vm aprte rautre h travers au molns una dite route par ledit second 
moyen <f envoi. 

20. Systdme de traitement d*infbrmations (2) salon la revendlcaUon 28, dans lequel 

au moins une dite route comprend une plurality de difli&rentes routes reliant ledit moyen de traitement (5). et 
ledit second moyen de test de convergence confirme ladrte convergence de tous lesdits preoesseurs d*iidment 
(3) dans des chemins multiplex^ par les messages transferds les uns eprds les autres li travers ladite piuralitd 
de routes drffiftrsntes. 

30. Proc6d6 de calcul r6alls6 en utilisant un syst6me de traitement dlnfbrmations (2) dans lequel 

ledit systdme de traitement d'inlbrmatlons (2) comprend : 

une pluralitd de processeurs d'^ISment (3) ayant ne^ectavement des unit6s de traitement (5) pour r^liser 
des op^tions de calcui et des mdmolnes de donn^ asides (8. 76, 300) pour stocJcer des donntes 
concemant lesdites operations de calcul pour r^ailser un calcul en assignant, en oe qui oonoeme au molns 
une Equation d'adminlstratlon d*un ciiamp qui peut Me d6crtt dans au molns une ^uaHon prescrfto en 
utilisant ladite pluralit6 de processeurs d'6l6ment (9, une pluralit6 de points de rteeaux obtenus en divl- 
sant spaHalement ledit champ pour lescfits processeurs <r&6ment (3) ; et 

une pluralKd de Imjs Indlvlduels de donndes (7) pour avoir des communications mutuelles desdites don- 
ndes entre oeux adjacents desdHs processeurs d'dldment (3), oD 

ledit calcul est rtaHsA en fiaisant IbncQonner lesdits processeurs d*6l6ment (3) de fe^on asynchrone et ind6- 
pendante en utiGsant lesdites donn^es transmlses via lesdHs bus de donnees (7) 

ledit procddd de calcul ^tant caraddrisd en oe que chacun desdits processeurs d'element (3) toft ou Gt 
directenr^t dans ou d partir desdits n)6moires de donn6es assodSes (8^ 78, 300) des piooesseurs dTdldment 
adjaoents (3) k travers un desdits bus Indivlduels de donnte (7) pour une communication entre eux. 

31. Proodd^ de calcul rdaiis6 en utilisant un systdme de treitement dinformatlons (2) sebn la revendication 30, dans 
lequel ladite mdrndre de donntes assodde (8, 76, 300) de cheque processeur d'dldment respedif (3) comprend 
une m6molre de donntes (8) dans ledit prooesseur d'element respecttf (3). 

32. Procddd de calcul rdailsd en utilisant un systdme de traitement dHnlbmiations (2) seion la revendication 1 , dans 
lequel ladite mdmoire de donndes essoclde (8, 76, 300) de cheque processeur d'didment respedif (3) comprend 
une mdmoire partagde (78) dispos^e d rextdrleur dudIt processeur d'element respectif (3) le long tfun chemin de 
donndes entre ledit processeur d'element respectif (3) et un processeur d'Adment (3) adjacents d celul-d. 

33. Procddd de calcul rdallsd en utilisant un systdme de treitement dinformatlons (2) seion la revendication 30, dans 
lequel des donnees dupliqu^ des processeurs d'eldment adjacents sdiectionnds (3) sont dcrites dans une m6- 
molre de donnees assodtes (8, 76, 300) de cheque processeur d*6l6ment respectif (3). 

34. Procddd de calcuf rdalisd en utilisant un systems de treitement dinformatlons (2) salon la revendication 30, dans 
lequel une piurelltd d'dtapes temporelles conespondant 6 celies Identiques desdits points de r^seaux sont en outre 
assignfe auxdits processeurs d'Mment (3). 

38. Proc6dd de calcui r6aAM en utilisant un systems de traitement dinformatlons (2) seton la revendication 34. dans 
lequel une plurality de plans bidimensionnels (18), dans lesqueis lesdits prooesseur^ d'dldm^ (3) r^lsant le 
treitement desdits points de rteeaux obtenus en divlsant spatialement un champ bidlmenslonnel sont disposes 
Mdimensionnellement, son! disposes le long de ia base de temps d constiulrelrfdlmensionnellement, iorsqu^une 
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solution analytlque bldlmensionnelle est recherchde. et lesdRs prooesseure dTMrnent (3) sont oonstruHs en pipe- 
line dans la direction de la base de temps. 

38. Ftoc&M de calcul n6af M en utillsant un syst^ de traltement dlnlbrmatlons (2) sebn la revendicatlon 30, dans 
lequel 

au mofns una dite Equation prsscrita oomprend au moins une equation dHfdrentielle. et 

au moins une dite Equation prescrite obtlent la solution pour au molns une dite Equation dlfTiSrentjelle en ^sant 

Ibnctionner lesdila processeure d'dldment (3) de fia^on asynchrone et Ind6pendan!e par un procddd de dlfll6- 

lenceflnle. 

37. Proo^dd de calcul ndallsd en utIllBerrt un systeme de traitement ^informations (2) selon la revendicatlon 30, dans 
lequel au molns une dite Equation dlff^entlelle prescrite comprend au moins une Equation diflKrentlelle parUelle 
ou au moins une Equation diffgrentlelle ordinaire. 

38. Procdde de calcul rdalis6 en utillsant un systdme de traitement dlnformations (2) selon la revendlcation 30, dans 
lequel 

lesdHs prooesseurs d*6l6ment (3) prennent en dharge un calcul d*One pluraDtd de points de i^seaux ot)tenus 
en divisant spatiaiement ledit champ respectivement et 

le nombre oomsspondant desdts points de reseaux ou les adresses de base de la zone de donn^es cones- 
pondant auxdits points de r6seaux sur lesdiles m^moires de donn6es assocl^ (8, 76, 300) sont utillstes 
comme des Jetons d'entr^e pour commander ledit calcul F6alis6 par lesdila processeuvs d'^ldment (3). 

39. Procddd de calcul rdallsd en utillsant un systdme de traitement d'informatlons (2) selon la revendicatlon 30. dans 
lequel ledit systdme de traitement d*informatlons (2) nftalise ledit calcul en utSisant le moyen de transmission (4) 
pour tnansmettra des conditions Inillales et dee conditions de Imlte auxdits processeure d'Adment (3). 

40. Prooddd de calcul rtelisd en utillsant un systdme de traitement dlnfomiations (2) selon la revendlcation 30, dans 
lequel des communications de donnas enire lesdlts processeurs d'eldment a<iBacents (3) sont iteliste Individuel- 
lement pour chacun desdits processeurs d*6l^enit (3) de t^n asynchrone et r6p6ti1fvement 

41. Proodde de calcul rdalisd en utillsant un sys^me de traitement dMnformatlons (2) selon la revendicatlon 30, dans 
lequel des oommuniGations de donndes entre lesdlts prooesseurs d'^ement a^aoents (3) sont des communica- 
tions de messages et nteOstes avec un flux de multiples instmctions et un flux de multiples donndes. 

42. Proc^dd de calcul r§alis6 en uUlisant un ayattoie de traitement dlnformations (2) aelon la revendlcation 30. dans 
lequel lesdits processeurs d'^dment (3) se rdfdrent dbectement, respectlvement, auwlltes mdmolies de donntes 
assocides (8, 76, 300) desdits processeurs d'dl^ment (3). 

43. F^c6d6 de calcul r^ls6 en utilisant un syst&me de traitement dinformatlons (2) selon ia revendicatlon 36, dana 
lequel lesdits processeurs d*6l6ment (3) se r6fdrent et rsnouvellent, dirsctement, respectlvement lesdites m4mol- 
res de donndes assoddes (8, 76, 300) desdits processeurs tfdidment adjacents (3). 

44. Procddd de calcul r^aiisd en utilisant un syst^me de traitement dlnformations (2) selon la revendlcation 30, dans 
lequel lesdits mdmdres de donndes assocldes (6, 76, 300) comprennent, sur les routes (7, 302, 303) reDant lesdila 
prooesseuis d^dment acfaoents (3), des premieres mdmoires (76, 300) partagdes par lesdits processeurs d*dld- 
ment adjacents (3) et se rdfdrent et rsnouvellent dirsctement. le contenu stockd dans lesdites premidres mdmoires 
(76, 300) d partlr d^jne pluralltd desdits prxesseurs tf^dment (3) raccordds auxdites premldres mdmoires (76, 
300). 

45. Prooddd de calcul ndallsd en uUllsOTt un systdme de traitement Informations (2) selon la revendlcation 42, dans 
lequel lesdits mdmoiras de donndes assoddes (6) comprennent des mdmolrsa multlpons (8 ; 76a). 

48. Procddd de calcul rdalisd en utilisant un systdme de traitement dlnformatlons (2) selon la revendlcaflon 30, dans 
lequel ledit systdme de traitement dlnformations (2) rdalise ledit calcul en utilisant un moyen de tampon (80 ; 304) 
pour tamponner temporairsment une demande d^oods auxdits mdmoires de donndes assoddes (8, 76, 300). 
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47. PiDoddd de cetcul rtelM en utilisant un systdme de taitement dlnbrmatlons (2) selon la revendication 30. dans 
laquel 

lesdita processeurs d*6l6ment (3) oomprennent respectlvement des m6molres tampons (76a) dans lesqualles 
des donndes envoy^es par lesdits ppDcesseurs d'6l6ment (3) sont dcrftes comme des donntes avec le mftme 
objet dans des communications entre lesdits processeurs d'dldment adjacenrts (3). at 
lesdits processeurs tfdldment (3) termlnent la r^ption des donndes d partir desdrts processeurs d'eldment 
adjaoents (3) en recherchant les donntes avec le nom d'objet k une temporisatlon optlonnelle ft partir desdila 
mSmoires tampons (76a). 

10 

4a. Prooddd de calcul rtolis6 en utilisant un systdme da traitement d^informations (2) sebn la ravendlcatlon 30, dans 
lequel 

lesdits processeurs d'6l6ment (3) oomprennent respectlvement des m6molres ^adaptation (83) pour attendna 
IS lesdrtes donntes nteessaires pendant au molns une desdites operations de calcul, et 

ladite unitd de traitement (5) dans chacun desdits processeurs d'dldment (3) realisent au molns une operation 
prescrlte paimi lesdftes operations de calcul ft Pinstant oh las donntes nteessaires sont disponibles dana 
ladite mteioire d*adaptatlon (83) dans celie-d. 

20 49. Pn^odde de calcul rtelisd en utilisant un systems de traitement dinformatlons (2) sebn la rovendication 30, dans 
lequel lescfits processeurs d*eiemant (3) comprennent respectlvement des memolres de programme (1 1) disponi- 
bles pour re-terira le programme sflpulant lesdites operations de calcul desdites unitte de traitement (6). 

50. Prooede de calcul realise en utilisant un systems de traitement d'informations (2) salon la rsvendication 30, dans 
^ lequel: 

lesdites unl^ de traitement (S) rtellsenf lesdites operations de calcul en utiiisanit un mdme programme de 

calcul, 

ledlt programme de calcul charge 6 i'avanoe lesdites memolres de donntes assodees (8) desdits processeurs 
^ d*eiement (3) avec des bits de points intemes indiquant que lesdits points de reseaux sont positionnes d 

rinterleur dXine zone de calcul dans ledlt champ ou k I'exterfeur dudit objet dans ladite zone de calcul par 
rapport ft tous lesdits points de reseaux, avec lesdits bits de points extemes indiquant que lesdits points de 
reseaux sont positionnte en dehors de ladite zone de calcul ou ft rinterleur d*un obJet dans ladite zone de 
calcul, et avec des bits de conditions de Dmite indiquant des informations des conditions de limite par rapport 
S5 aux(fits points da rteeaux potitionnte ft la limite de ladite zone de calcul, et 

ledit programme de calcul change le traitement sur lesdits processeurs d'ei6ment (3) selon lesdits bits de 
pdnts internes, lesdits bits edemes, et lesdits bits de oondiHons de limite. 

51. Precede de calcul ctelise en utilisant un systems de traitement dinformations (2) sebn la rsvendication 30. dans 
40 lequel : 

chacune desdites unites de traitement (5) Ibnctbnne sur la base d'un systftme de flux de donnees qui permat 
Pexecution simultante d'une piuraGte desdits prc^rammes assignes aux dHTerantes zones de chacune desdi- 
tes memc^re de programme (11), et 
^ chacune desdites i^ites de traitement (5) exteute lesdites operations de calcul d'une pluralite desdits points 

de reseaux almultanement en asslgnant une pluralite de programmes pour traitsr lesdits points de reseaux 
respectifs aux differentes zones desdites memolres de programme. 

62. Procede de calcul realise en utilisant un systftme de traitement dinformations (2) sebn la rsvendication 61 , dans 
00 lequel ledit systftme de flux de donnftes comprend un systftme dynamlque commande par des donnees capables 
d*exteuter slmuKanement un mftme programme sur des donnees d'entrte d'une pluralite de Jeux avec Putllisation 
d^identifleurs. 

53. Proc6de de calcul rftalise en utilisant un systftme de traitement dinformations (2) selon la revendication 52, dans 
88 lequel lesdites urdtte de traitement (6) calcutent radresse desdites memolres de donnftes associees (8) qui stoo- 
kent des donntes concemant lesdits processeurs d'eiement acQaowts (3) et font reference et renouvelbnt lesdites 
memolres de donnees associees (8) en utilisant l'a<fresse desdites memolres de donnees associees (8), sur la 
base de la valeur desdits Identffieurs asslgnfts auxdites donnees d'entrte. 
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54. Prooddd de calcul rtellsd en utilisant un systdme de treitement dlnfiormatfons (2) sebn le rsvendication 30, dans 
lequel lesdites unitds de treitement (5) ont respedlvement des circuits matdrlels (13) dans lesquels des di^ments 
logiques erithmitiques (14) sent cdbl^s dens la forme bas^e sur un gnaphe de flux de donndes selon la logique 
cdblte pour une partie ou f'ensemble du flux de traltement de donndes. 

55. Proc6dd de calcul realise en utilisant un systeme de treitement dinformatlons (2) selon la revendication 30, dans 
lequel 

lesdites unltfts de traltement (6) ont respectivementdes circuits matfiriels (13) selon une mdme logique cdbl6e, 
10 lesdrts circuits matdriels chargent a Tevance lesdites mdmdres de donates assocides (8) desdfts prooesseurs 

tfdldment (3) avec des bits de points intemes indiquant que des points de rdseaux sont positionnds d Untdrieur 
d'une zone de calcul dans iedt champ ou en dehors dudit objet dans iadtto zone de calcul par rapport 6 tous 
lesdHs points de nfiseaux, avec lesdits bits de pdnte exiemes Indiquant que lesdits points de nfiseaux sont 
poslHonnds en dehors de ladlte zone de calcul ou k rintdrleur d^n obJet dans ladite zone de calcul, et avec 
des bits de conditions de llmite indiquant des Informations des conditions de llmlte par repport auxdits points 
de rteeaux posltionn^ sur la llmite de ladite zone de calcul, et 

lesdits circuits mat6r1eis (13) changent ie traitsment du graphe de flux de donndes selon lesdHs bits de points 
internes, lesdits bits de points extemes et lesditB bits de conditions de iinUte. 

20 56. Procdd^ de calcul rdallsd en utilisant un systems de traltemOTt dlnformatlons (2) selon la revendication 54, dans 
lequel lesdites unites de treitement (5) ont respedlvement des dspositife artthmdtlques (1 0) pour dirlger I'exdcution 
des codes d'opdraflon pour ajouter cumulatlvement les rteuflaitB rsspectffe de ta multlpOcation de la premldre 
entrfe par la seconde entrte, de la troisl&me entree p^ la quatridme entree, de te dnqui^me entr6e par ta sbd^me 
entrde ... la (2 x N - 1) ^nio entr6e par la (2 x IM) entr§e pour 2N §ldments de donndes d'eotr^. 

25 

57. Proc6d6 de calcul r6alis6 en utilisant un syst&me de traltement ^informations (2) selon la revendication 54, dans 
lequel ledit systtme de traltement dlnformattons (2) niveDe le nombre de fols de communlcattons sur tous lesdits 
points de rSseaux en rdalisant des communlcaflons Actives mdme pour lesdits points de rdseaux avec un petit 
nombre de fois de communlcattons pour rdsoudre au moins une dite 6quation d'administration dudit cherry parce 
^ que lesdits points de rteeaux fbrmant le SMiet de calcul sont trouv6s sur ie bord des zones. 

68. Prooddd de calcul rfiaiis^ en utilisant un systftme de traltement dlnformations (2) seion la revendication 30, dans 
lequel ledit systeme de treitement d'infbrmatbns (2) nivelie ie nombre de fois d'op^tons sur tous lesdits points 
de reseaux en rdallsant des opdrations fictives memo pour lesdits points de riseaux avec un petit nombre de fois 
^ tfopSrafions pour rdsoudre au moins une dite Equation d'admintstration dudit champ parce que lesdits points de 
rteeaux fonnant le sujet de calcul sont trouvte sur ie bord des zones. 

59. Preoddd de calcul rdalls6 en utilisant un systdme de treitement dlnfcHmations (2) seton la revendication 30, dans 
lequel ledit systdme de traltement d'infbnnations (2) qui rdaGse le treitement de chacun desdits points de rteeaux 

40 pour trouver une solution d au moins une Equation dllTi^enlielle par un proc6d6 de dlfT^rence finle rfiailse des 
oommunlcafions entre des points de reseaux respectifis, des infbnnafions Indiquant la n6oessit6 ou non de com- 
muniquer et ie proc6d6 de communication pour chacun desdits points de nfeeaux. 

60. Proc6^ de calcul r^alisd en utilisant un syst&me de traltement dlnformations (2) seton la revendication 30, dans 
^ lequel tedit syst&me de traltement d'infonnations (2) qui r^se le treitement de chacun desdits points de rteeaux 

pour trouver la solutton d*au nK)lns une Equation difrSrentielle par un proc6d6 de dlff^enoe finle assigns une zone 
de mdmoire d chacun desdits points de rfeeaux, realise des communications entre des infbnmatlons des points 
de rdseaux adjacents par ladite zone de m^molre et foumit d chacun desdits points de reseaux des Infbmiations 
pour Indlquer ladite zone de m6mdre k utiliser pour communiquer dans chaque direction oh la communication 
» devrettAtrefalte. 

61. Precddd de calcul rdalisd en utilisant un systdme de treitement dlnformations (2) seion la revendication 60, dans 
lequel ledit systdme de traltement d'infonnations (2) foumit chacun desdits points de nftseaux des infbmmttons 
Indiquant une zone flctive commune dans la direction oD la communication est Impossibto. 

flS 

62. Precdd^ de calcul rtellsd en utilisant un systeme de traltement dlnformations (2) seton la revendication 30, dans 
lequel toreque lesdits points de r6seaux a^acents sont asslgnds sur diff^drents processeurs d'dldment (3), lesdits 
processeure d*6i6mBnit (3) des deux o6t6s contiennent deux palres de donnto dans le temps pour nntercommu- 
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nication et. lorsque les donntes pour oes points do rteoaux ont dtd renouveldes, lesdits processeurs (3) ne 
dcrtvent pas los donntes si aucun ddplacement dos donnto renouveldes n*est pas plus grand que la valour 
prascrtte en compaialson aveo los donndee de la paire pr6o6dento chronologiquemont. 

63. Proc66& de calcul r6all86 en uflllsant un syst^me de traltement dlnformations (2) seion la revendlcation 60, dans 
loquel ledit systdmo do traitoment d'Infbmiatlons (2) asslgne auxdites m^oires de donnees associ^ (8), una 
zone de donndos virtuelles simulant das points do rdsoaux qui sent plus proche du bord de la zone do calcul 
formant Tobjet de calcul diau moins une dile 6quation prescrite et tnouvte en dehors de ladite zone de calcul. 

64. Prooddd de calcul rdalls6 en uUlisant un systdme de treltemont dlnformations (2) selon la revandication 30. dans 
loquel ledit systdme do fraitement d'Infonmations (2) comprend un couplago fin de noeuds (7a) reflant mutuellement 
lesdits processeurs d'^^ent adjacents (3) los uns aux autres at un couplago grossler de noeuds (7b] reliant 
lesdits processeurs d'dl6ment (3) les uns aux autres en ne sautant pas molna qu\in desdlta processeure d'6l6ment 
(3) entre eux. 

65. Prooddd de calcul rM\s§ en utilisant un systdme de traltement d'informations (2) sebn la revendicatlon 64, dans 
lequel ledit sys^me de traftement dlnformations (2) avance le calcul d*au moins une dite Equation prescrite en 
rtelisant altematlvement le calcul par lesdits processeurs tfSISment (3) raccord^ par ledit couplage grossler de 
noeuds (7b) et le calcul par ledit processeur d*dl6ment (3) raccordd audit co^ilage fin de noeuds (7a). 

66. Prooddd de calcul rdalisd en utilisant un systdme de traltement d'informatlons (2) selon le ravendlcation 30, dans 
lequel ledit systfeme de traltement dTnlbrmations (2) realise le calcul d'au moins une dite Equation d*admlni8trHtlon 
dudit champ utilisant seulement une partle desdits points de r^seaux sdlectlonn^s, en parall6le avec le calcul d*au 
moins une dite Equation d'&dministrBtion dudit champ utilisant tous lesdits points de r^seaux. 

67. Proc6d6 de calcul r6alis6 en utilisant un systdme de traitemoit dlnformations (2) selon la revendicatlon 30. dans 
lequel ralgorilhme de calcul d'au moins une dite Equation d*admini8tration dudit champ utilisant seulement oeux 
desdits points de rdseaux sdlectionnds est diffdrent de I'^gorlthme utilisd pour le calcul d*au moins une dite ^ua- 
tion d'admbilstration prescrite dudit champ utilisant tous lesdits points do rteeaux. 

68. Procddd de calcul r^allsd en utilisant un systdme de traltement tflnformatlons (2) selon la revendicatlon 87, dans 
lequel ledit systdme de traltement dlnfbrmalions (2) n'a pas moins de deux paires de donndes concemant lesdlls 
points de rdseaux mutuellement adjacents dans una sdquenoe temporeOe et an6te Fopdretion desdits points do 
rdseaux si la quantitd de fluctuation enire lesdites paires de donndes ntet pas supdrieure d la quanlitd prescrite. 

69. Procddd de calcul rdallsd en utilisant un systdme de traltement d'Informatlons (2) selon la revendicatlon 68, dana 
lequel la valour de la quantitd de ladite quantitd prescrite pour ometlre ropdration desdits points 6e rdseaux en 
toncUon de la valour de fluctuations entre lesditos paires de donndes est rdduHe selon le degrd do convergence. 

70. Procddd de calcul rdallsd en utilisant un systdme de traltement dlnformations (2) selon la revendicatlon 30, dans 
lequel lesdits processeurs d'dldment (3) ont respectivement des unltds de sortie (91) pour lire de fagon asynchrone 
dos donndes de sortie, foumlssant d cos donndes de sortie des Idontlfieurs ndcassaires pour disposer et trier les 
donndes et envoyer les donndes vere I'extdrieur desdits processeurs d*dldment (3). 

71 . Procddd de calcul rdalisd en utilisant un systdme de traltement ^Informations (2) seton la revendicatlon 70, dans 
lequel ledit systdme de traltement dinfonnattons (2) comprend une unitd de traltement dimage de donndes de 
soriie (97) pour coiiecter des donndes de sortie desdits unltds de eorOe (91) desdits processeurs d'dldment (3) et 
pour gdndier des images visibles desdits donndes de soriie en ton^ps rdel sur la base des donndes de sortie 
amvant de liagon asynchrone de tous lesdits processeurs tfdidment (9. 

72. Procddd de calcul rdalisd en utilisant un systdme de traitemenf rfinformations (2) selon la revendicatlon 30, dans 
lequel ledit systdme de traltement tflnfbnnotlons (2) comprend une unitd de conversion de coordonndes (120) 
pour convertir un premier systdme de coordonndes utnisd par Fordlnateur central (1) commandant lesdits proces- 
seure d'dldment (3) en un second systdme de coordonndes utilisd par lesdits processeurs d'dldment (3) loraque 
les donndes sont transfdrdes dudit ordlnateur central (1) auxdits processeure d'dldment (3), et pour convertir ledit 
second systdme de coordonndes utilisd par lesdits processeure d'dldment (3) dans ledit premier systdme de coor- 
donndes uHllsd par ledit ordlnateur central (1) iorsque les donndes sont transfdrdes desdits processeure d'dldment 
(3) audit ordlnateur central (1). 
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7S. Procddd de calcul rtelisd en ufilisant un sysOme da tidtement dlnbrmotions (2) selon le rsvendication 30. dans 
lequel 

ladlte pluralitd de processeure d'^i^ment (3) eat une pturalltfi de pracesaeure d'^ldment (3) oommandda Mb- 
gralement par Foidlnateur central (1), 

ladite plurality de processeurBd'dldmant (3) oomprend des unitdade teat d^ convergenoa (183). Ibumiea dana 
chacun des prooesseufs d'^dment (3) et de fa^on ind^pendanle desdites unites de tmltement (5) respect!- 
vement, pour tester la convergence sans dlstrit»ier le calcul de PunitS de traitement (6). et 
ledit ayatdme de tr^ment tfintbrmatlons (2) oomprend 

des premldres routes de communication (181) pour divteer une plurelltd desdits pnxesseure d'dldment 
(3) en une plurality de groupes et reliant tesdites unites de test de convergence (183} dudit processeur 
tf6l6ment respectif (3) sous la fbnne d'une iMucle (^6e unidlrectionneile ou sous une Ibnrne centraDate 
dana lesdits greupea respecUfs, et 

dea aecondes routes de communication (182) raccondtes 6 checune deadites premldres routes da com- 
munication (181) desdits groupes. et reliant toutes les unltte de test de convergence (183) Intdgreint les 
rSaultats du test de convergence (163) de toutes leadrtes unltds de test de convergence (183) dana lesdits 
groupes et toutes lesdites unitds de test de convergence (183) desdits groupes sous la fbnne d*une t)oucle 
fermte unidlrectionneile ou sous une fDfme centrallafe. 

74. Prooddd da calcul rdalisd en utillsant un systdme de treltement dinformatlons (2) selon la ravendlcation 30. dans 
lequel 

(edit systdme de traitement d'Infbrmatlons (2) oomprend au molns un chemin pour tranaliSrer des messages 

d*une pluraltd dudit processeur 6l6ment (3). et 

iedit proc6d6 de calcul oomprenant en outre lea dtapes de : 

(a) teat de convergence (183) sur chacun deadits procesaeurs d'6i6ment (3) ou pas molna qu*un moyen 
de treitement (5) assignd d chacun desdits prooesseure d'Mment (3) ; 

(b) envoi d'un prsmler moyen de messages Indlquant un processeur d'ildment prescrlt (3) ou un moyen 
de traitement (5) dudit ^6ment r^escrft (3), lorsque ledIt aystdme de treitement dinfbnnatlona (2) teste 
que la convergence sur ledit processeur d*6i6ment prescrlt (3) ou ledit moyen de traitement (6) dudit 
Aliment prascrit (3) ; 

(c) envoi d^jn second message Indlquant la convergence sur le processeur d'6lement (3) ou le moyen de 
traitement (5) r^evant lesdits premier et second messages du processeur d'dldment adjacents (3) ou du 
proceaseur d'dldment adjacents (3) aprte ledit Mmrit de processeur (3) ou ledit moyen de traitement 
(5) recevant lesdits premier ou second messages ; et 

(d) test de la oonveigence de tous lesdits procesaeure d'6l6ment (3) en transf^t ledit second message 
\\m apnto Pautre en rdpdtant Tdtape (c). 

75. Proc6d6 de calcul r6a»86 en utiiisant un systdme de traitement dlnformatlons (2) aeton la ravendlcation 74, dana 
lequel ledit syst^ de treitement d'informations (2) r§pMe ladlte tope (a) JuaquTft Ptope (d) pour une plurality 
de confirmations de ladite convergence de toua lesdits prooesseure tfdidment (3). 

78. Proc^d^ de calcul rtelM en utillsant un gyatto» de traitement dlnformatkma (2) aeton la ravendlcation 75, dana 
lequel 

ledit syatdme de traitement d'informations (2) oomprend un second moyen de test de convergence, 
au molna une dite route comprend une piurelitd de routea difllSrentes reliant ledit moyen de traitement (6). et 
ledit second moyen de test de convergence confinne que la convergence de toua leadlts processeurs d*^l6- 
ment (3) dans des chemlns muitiplexds par les messages trensfdrds Tun aprte t'autre a travere ladite plurelitd 
de dltfdrentes routes. 

77. Proc^dd de calcul r^lisd en utillsant un syatdme de traitement dlnformatlons (2) aelon la ravendlcation 76, dana 
lequel ledit systdme de treitement d*infbnnatlons (2) fbrme un test de convefgenoe de nouveau en arrdtant le 
traitement de tous lesdits prooesseure d*dl6ment (3) ou dudit moyen de prooesseure (5), aprto que la fin de la 
convergence gMrale a m teste par lesdits traitements qui testent la oonvaffgenca giindrate. 
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78. Proo6dd de cafcul r^Blisi en utilisant un systime de traitement d Wormations (2) ayant una plureMdde prooassaurs 
d'^ldmant (3} salon la revendlcatlon 30, comprenant en outre lee dtapee de : 

Initialisation du moyen de stockage pour stocker les r6sultat8 du test de convergence ; et 
test de convergence ou non du calcul pour lesdtts points de r^seaux pour les points de r6seaux respectifs pris 
en charge par lesdiis prooesseurs d'dldnnent (3) et, si on teste qua la converganoe h*a pas encore 6t6 aiteinta, 
r§glage dudit moyen da stoclcage a la valeur loglqua prescrite. 

79. Syattene de traltement dinfbmiatlons (2) aelon la revendlcatlon 1, dana (equal 

10 

ladita plurafHd de processeurs d'dl^ment (3) partage ladtta mdmoira da donndas assodte (30) entre lasdIlB 
procasseuTB d'dldmant adjacants (3), at 

chacun de ladlte pSurallt6 de processeurs d'Sl^ment (3) comprend une units de commande d'enMetote 
(301) commun6ment raccord^ d une plurality de mdmolres de donnSes (300) partag6es avec lesdits pro- 
Yfi oesseurs d'6l4menit (3) pour oommandar rentrde/sortle des donndes avec une d'une pluralitd de m^olre de 

donndes (300) en oommutant la diradion de communication salon la demanda pour I'acods. 

80. Systime de traitement dinlbrmations (2) selon la revendlcatlon 1 , comprenant en ouire 

20 une plurBlitd de registres (305) lioumis en oorraspondanoe ft ladlte plurality de processeurs d'6l6ment (3) pour 

slockar temporairement les rdsultats da test d'une convergence d\ine operation exdcutte par chacun de ladlte 
piuralft6 de processeurs d'6l6ment (3) ; et 

un drcult OU cdtriS pour g6n^er un prodult logique de la sortie d\ine plurality desdits registres (305). 

^ 81 . Procddd de calcul rdalisd en utilisant un systeme de traltement d'infbrmations (2) selon la revendlcatlon 30 dans 
lequei 

une piuralitS desdits processeurs d'Sl^ent (3) partage iadite m6molre de donnSes associde (300) entre lesdits 
processeurs d'dlSment adjacents (3), 

90 chacun da Iadite piuralitd processeurs d'^toent (3) comprend une unltd de oommanda d'entrta/soitle (301) 

commundment raocordde d une plurality de mSmolres de donn6es (300) partagdes avec lesdita processeurs 
d*6i6ment adjacents (3) pour comrrander I'entrfie/sortie avec une de ta pluralitd des mSmoires de donntes 
(300) en commutant la cfirectlon de communication selon des demandes pour Paocds. et 
chacun da ladlte piuralitd processeurs d'dldment (3) se rSfdrant au contenu de ladlte mfimoire de donndas d 

^ travers Iadite unitd de commande d'en1r6e/!Bortie (301). 

82. Proc6d6 de calcul rSailsd en utilisant un systdme de traitement dinlbrmations (2) selon revendlcatlon 30 dans 
lequei ledit systdme de traitement dinfbrmations (2) stocl^e temporairement, dans Iadite pluralitd de registres (305) 
fioumls en conespondance it ladlte pluralitd de processeurs d'eidment (3), les r^ltats de test d'une convergence 

40 dea processeurs d'6l6ment correspondent (3), et execute les operations tout en prenant le produit logique desdits 
rteultats de tests de Iadite conveigence stockte dans une pluraiftd desdits registres (305) avec le circuit OU cftbld. 

83. Procddd de calcul rdallsd en utilisant un systdme de traitement dlnformatlons (2) selon la revendication 30, dans 
lequei le ncmbre de points de rfeeaux par processeur d'ASment (3) comprenant des points de rftseaux instables 

45 pour ranalyae dans laqueile des fiacteurs Instalsles edstent, est plus petit que le nombre de points de rSseaux par 
processeur tfMment (3) ne comprenant pas de points r^seaux Instables quelconques pour I'analyse. 
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